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II. 


The second modification, then, of the 
theoretical profile of equal resistance, 
consists in sepeeog the outer curved 
face by a broken one composed of two 
planes inelined at different angles to the 
horizon. The principles, however, which 
justify us in the use of such a modifica- 
tion, may be carried still further, and 
the inner and vertical face replaced by 
one almost a fac simile of the outer 
broken one. Indeed the only essential dif- 
ference between them fies in the degree of 
slope which we give to their two plane 
surfaces. On the one side both are 
sloping ; on the other that portion of 
the face from the summit of the dam to 
a point below, (where the pressure on 
each unit of surface equals the assumed 
limit of pressure,) the wall is vertical, 
and from here to the base slope out- 
ward. This latter point moreover, must 
be directly opposite that point on the 
outer face at which the two sloping lines 
of the profile intersect. Of a profile thus 
constructed, some idea may be had from 
the sixteenth figure. It does not present 
any merit either as to beauty, strength, 
stability or economy of material not 
possessed by that illustrated in Figs. 12 
and 13. s to economy indeed, the 
amount of material consumed is if any- 
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thing greater in former than in the two 
latter forms of dams, and it may be 
justly doubted whether the additional 
stability thus obtained, is a fair recom- 
pense for the additional outlay for 
material and for cutting facing stones 
for a tliird sloping face. 

As to the mathematical calculations of 
such a profile they are rather lengthy 
than difficult. For the upper portion 
ABCD, we have already discussed at 
length the principles, and obtained in 
equations 51 to 55 the necessary formule, 
The value of AB or 6 is of course 
known, as also that of AD or a’ which 
is assumed, and is not to be greater 
than A or the greatest height we can 
with safety give to a wall with vertical 
faces. That of the lower portionC D EF, 
may also be conducted on the principles 
previously laid down, and as it necessi- 
tates several eliminations of somewhat 
startling length we shall consider it 
merely in outline. Knowing the total 
height of the dam, and the distance A D, 
we of course know D G, or the height of 
that portion of the dam CD EF, whose 
breadth of base EF, we wish to find. 
We also know from equations 51 and 54, 
the breadth DC, and projecting this on 
the base we at once obtain that portion 
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of it between GandH. What there re- 
mains to be found is GE, and HF. The 
former of these unknown quantities we 
will denote by y, and the latter by z; 
the breadth EF, of the base by 8," the 

art G H, which is also equal to CD, by 
Pr the height DG, of the lower seetion 








of the dam by a, and that of the upper 
section, or A D, by a’. Returning now 
to the equations 15 and 16, which are 
the general equations of stability for a 
dam supporting the pressure of a head 
of water, we find that the three unknown 
quantities for which we wish to find 














values in term of known quantities we 
possess are u,/,and p. The value of J, 
or the thickness E F, of the base is 
when expressed in terms of the above 
notation. 
l=y+b+2 

While P is of course the area of the ir- 
regular polygon ABCFED multiphed 
by the weight per unit of volume, plus 
the vertical component of the weight of 
the water resting on the sloping face 


DE. The area of ABCD is (-**) 


4 


6’ a’. Thatof CDEF is 
+b' d’a. ! 
water is by equation (1) ( att) y 6. 
The value of P, therefore, is b’ 6’a + 


yad' 2ad’ (°**) “ie (2=+*) 
a te the PO eth 
y 6, which reduces to the form 


P= 59. 
2b' 6'a+6' a(yt+z2) +2 (040) a+ 
(2a’+a)y6 


The vertical thrust of the 
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Again, to find the value of u, the first 
step is to construct the diagram of 
forces, as illustrated in the figure, O P 
representing in direction and intensity 
the vertical component P, or the weight 
of the dam and the water, and OF the 
horizontal component or the outward 
thrust of the water behind the dam. 
Then will Fr represent « which is clearly 
equal to 

u=z+HI-Ir. . . 60. 


But by the two similar triangles we 


have, as before, lr=OI x or since 


a+a’ 


OP 


and OF (equation 2) equals 


0 I= ; 
ees). 
(“*)° 

Tea aban Bd 

~ 3 [2 8'6’a+ 6a (y+2) +2 (640) 0'a' 
+(2a'+a) y 6] 

HI is to be obtained in precisely the 

same manner as K C was obtained from 

Fig. 14, by expressing the relation that 


the moment of weight P (which includes, 
it is to be remembered, that of the dam and 
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that of the water pressing on the inclin- 
ed face DE), with respect to the point 
F is equal to the sum of the moments of 
the components of this force. Obtaining 
these moments in the same manner as 
we obtained those for the equations de- 
duced from Fig. 14, and putting them 
equal to the expression P x IF, or P x 
(LH +2), we have after reduction, the 
equation 

IH= 

120 6+b"%a+2ay'+6b'ay+(ba'+3a) 

(y+2b')yO—-22a 

(12 «+6'a)+6a2+6ay+12a'yO+6ayO 


In which & is a short expression for the 
area of ABCD, and £ the distance 
from C to the point where the perpen- 
dicular of the centre of gravity of 
ABCD cuts CD, and this replaced in 
equation 60, gives for the value of u 





“= 

122(% +b'a) +6 zal(y+z) +6 2y6(2a' +a) 

+1248+6Ra+2ay(y+3b')+3 (2a 
+a) (y+2b’) y 0-2 az2—26 (a’'+a)’ 


12(x +0’a) +6 az+6ay + 12a'y0 + bay? 
Eq. 61. 





The quantities P, « and /, being thus 
obtained in terms of }’,y,z, @ and a, a 
substitution in equations 15 and 16, will 
furnish us with two equations of great 
length, from which, by the process of 
elimination, the values of x and y are 
readily found. 

To take but one example of this form 
of profile, let it be required to calculate 
the dimensions of such a profile for a 
masonry dam one hundred and seventy 
feet in height and eighteen feet broad on 
top, the limit of pressure being taken at 
132,000 pounds. For this purpose we 
have to determine beforehand the height 
a’ of the part ABCD. This, in the 
present case, is taken at 80 feet, and may 
in all cases be assumed arbitrarily. Now, 
since the dam has one vertical face, we 
have to determine but one quantity v, or 
the difference between the thickness of 
the dam at AB and that at CD, and 
this value of v is readily obtained from 
equation 51, which, modified to suit the 
present notation, becomes 


6a®—-Av’—2bAv+'a’—AWV’=0. 62. 


Solving this with reference to v, we 
have 





Ba’ + Aa” ys 


v+2bv= 


_,/ba'+0a" ° 
vms/T0 +00" _» ee a 


And replacing the quantities by their 
values,remembering that A equals 98.4 ft., 
and 9 (or the ratio in which the mason- 
ry is heavier than water) equals 4, the 
result finally obtained is, 


v=53.52—18 or 
b'=b+v=53.52 feet. 


With this value of +’ we return to the 
equations expressing the values of x and 
y as deduced from equations 15 and 16, 
after the substitution of the value of x 
given in equation 61, and find that the 
value of b°=a2+b'+y is 178.42 feet. 
Once more, we may carry this princi- 
ple one step further and produce a pro- 
file which is little more than a modifica- 
tion of that given in Fig. 16. If, for 
instance, while preserving the same 
height of structure, we divide each of 
the three sloping faces into two parts, 
and give to each part thus produced a 
face inclined to the horizon, we shall 
then have a profile of such shape as that 
illustrated in the seventeenth figure. 


63 


A 








rf 

A glance at this is sufficient to show that 
it is in reality but a compound of the 
two preceding profiles, and that there- 
fore the principles to be observed in the 
calculation of its parts are those already 
discussed. The entire profile may thus 
be considered as divided into three 
pieces ;—that from A to D, in which the 
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inner face is vertical throughout, and the 
outer made up of two inclined faces, 
constituting a profile exactly similar in 
design to that of Fig. 12: that from D 
to F’ and that from F to H, in each of 
which both the outer and inner faces are 
sloping. The first part is, therefore, to 
be calculated in the same manner as we 
would calculate the thickness of a dam 
having the profile of Fig. 12, and each 
of the two remaining portions by the 
equations deduced from Fig. 16. To 
illustrate this by a case in point, let it be 
required to find the thickness at various 
points of a masonry dam, having such a 
profile as that we are discussing, its 
thickness across the top being 18 feet, 
and the total height 170 feet. The 
first thing that claims attention is the 
determination of the vertical distances 
between the points B and C; C and E; 
E and ‘G; and finally G and I. These 
may, of course, be chosen at pleasure, 
just as we may select the number of 
parts that each face isto be composed 
of, and as in the present case the dam is 
170 feet high, and the outer face divided 
into four parts, we will for convenience 
divide the dam first into two equal parts, 
then divide the lower of these again into 
two equal parts, and the upper also into 
two, but two unequal parts. The verti- 
cal distances between the sections will 
then be, beginning at the bottom and 
oing up GI = 42.5 feet; EG = 42.5 
Feet: CE = 45; and BC = 40 feet. Had 
the dam, however, been one hundred and 
fifty, or one hundred and eighty feet 
high, or indeed any other number, then 
the best arrangement would again have 
been, to make the second vertical dis- 
tance—that from C to E—longer than 
the remaining three, so that, if the dam 
was one hundred and fifty feet high, the 
best arrangement would be BC = 30; 
CE= 60; and EG and GI each thirt 
feet ; if the height had been one hund- 
red and eighty feet, then BC = 40; CE 
= 50; and the others each forty-five 
feet. Although this arrangement may 
seem to be somewhat arbitrary, it is in 
reality based upon fixed principleg,which 
clearly show that where such a number 
of divisions and such a profile as that 
used in the present instance are employ- 
ed, the second part should be decidedly 
longer than either of the other ‘three. 
Those portions, moreover, which are 





bounded on both sides by sloping faces 
are in almost all cases made of equal 
depth, nor does there seem to be any 
reason whatever for not adhering to this 
method. 

With these distances thus determined, 
we return to equations 51 and 54, and 
from the first of these find the value of 
v, as was done for equation 63, and sub- 
stituting for a’ the value 40, and for > 
the quantity 18 feet, we have 


v= 4/ 12060 + 82000 _ 18-337 
98.4 








And, consequently, 6’=5+v=21.37 feet. 
To find the value of 4’, however, it is 
necessary to use equations 51 and 54, 
from which by the common method of 
elimination we may find an expression 


Gy’ —wvAy—3byv=0 


from which by the substitution of the 
proper values we obtained for a final value 
of 5’, or the thickness of the base of this 
section, b°=54.64 feet, or v=33.27 feet. 
The next step is to find the values of x 
and y for the third section. As this, and 
also the last section have both faces slop- 
ing, by substituting the value of « given 
in equation 61,in equations 15 and 16, and 
reducing and then eliminating, we obtain 
two expressions for and y, from which 
we derive the thickness GF = 100.36, 
and by a similar process find that for 
IH to be 152.22 feet. 

It is thus apparent, that as there is al- 
most no limit to number of sections into 
which a dam may, on this principle, be 
divided, there are a great number of 
different forms of profile, each of which, 
satisfy the conditions of stability, but 
vary somewhat as to economy. Theo- 
retically the dam whose outer face con- 
sists of the greatest number of these 
sloping faces is the most economical, 
because in that case its face approaches 
nearest to the logarithmic curve which 
bounds the theoretical profile of equal 
resistance, and it therefore contains very 
little more masonry than is absolutely 
necessary to insure safety. In practice, 
howeyer, such a dam would, in all proba- 
bility prove much more costly than one 
consisting of a less number of section, 
though containing more masonry, be- 
cause the angle of inclination of -the 
different sections of the outer face 
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changing so frequently would greatly 
increase the cost of cutting the facing 
stone. To avoid the mechanical difficul- 
ties also likely to arise in such cases, it is 
sometimes well to depart altogether from 
this style of profile, and instead of slop- 
ing the outer and inner faces, cut them 
into notches or steps. 


THE STEPPED PROFILE. 


The stepped profile has been reserved 
to the last for consideration, because, 
while it is a natural outgrowth of the 
preceding modifications, it possesses 
many merits whose importance cannot 
be fully appreciated till a comparison is 
instituted between it and the forms 
just treated of. In point of simplicity 
of construction for instance, it would be 
difficult to find any design of profile 
that can surpass it. Wherever the faces 
of the dam are curved as in Fig. 9, or 
made up of a series of sloping surfaces 
of various inclination as in Figs. 12, 16 
and 17, the dimensions of every facing 
stone that is set have to be most care- 
fully determined beforehand by the 
rules of stereography, and this, when the 
dam is an high one and the number of 
stones consequently large, is of itself a 
work of no small difficulty. In the 
stepped dam however, all this is done 
away with, as every facing stone, (unless 
the dam is curved) possesses only a ver- 
tical or, if it happens to form the edge 
of the step, a vertical and horizontal 
face, and thus requires no pattern for the 
stone cutter. A further advantage to 
be derived from it, is, that it enables us 
to approach much nearer the curved 
form of profile than we can in any other 
profile type. Indeed, when well designed 
it is in reality nothing but the logarith- 
mic curved profile cut into steps or 
notches, so that should we draw a con- 
tinuous line through the upper edges of 
all the steps, or through the lower edges 
of their vertical faces, this line would 
form a logarithmic curve. 

Here, as in the calculation of the 
previous profiles, it is quite allowable to 
assume arbitrarily either the breadth or 
height of the step and from this one de- 
termine the other. Yet it is by far the 
best plan to assume the vertical height 
of the step and calculate the breadth. 
For, it must be apparent, that by this 
method of procedure, the quantity we 





calculate is really the abscissa of the 
curve, which we lay off at regular inter- 
vals perpendicularly to the vertical 
axis of the dam, and in this way we are 
enabled to preserve very closely the 
logarithmic profile. The general appear- 
ance of the dam is, moreover, much more 
pleasing when this arrangement is ob- 
served than when we assume a constant 
breadth and calculate depth, because the 
breadth of the steps near the summit of 
dam are then very narrow and increase 
gradually as they approach the bottom, 
and the departure from the curve is then 
scarcely perceptible; but when the 
breadth is everywhere the same and the 
depth varies, the whole face of the dam 
has an extremely broken appearance, 
which is anything but agreeable. 

In this profile, as in all the others, the 
inner face is made vertical for as great a 
distance as the limit of pressure will al- 
low, and from that point down it is 
stepped. The outer face is likewise 
made vertical for a distance which de- 
pends in all cases on the thickness across 
the top, being as a general thing very 
nearly twice that dimension. In the de- 
termination of the following formule, 
the depth of the step has been assumed 
as the same throughout the entire dam, 
and the breadth has been taken as the 
unknown quantity. Fig. 18 then rep- 


A B 











resents a portion of the profile of a dam 
bound by a curved or sloping face,which 
we wish to change into a stepped profile. 
ABDC represents this section, and if 
HF be taken as the vertical height of 
the step, then will CHF represent the 
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element with which we are especially 
concerned, and its base CH the quantity 
we are in search of,—the breadth of the 
step. The height BD of the section we 
will denote by A; and the density of the 
masonry by § ; and the greatest thick- 
ness FT or HD of the Anown element 
ABTDHF by ¢; from which three 
quantities we may obtain an expression 
for the weight P, of this element, which 
must of course be accurately known, in- 
asmuch as the object of making the step 
at this point being to lessen the amount 
of vertical pressure on each superficial 
unit, the breadth of the step will depend 
very largely on the weight of that por- 
tion of the dam which is above it. The 
weight which is plainly equal to 
(A5+**) Br o+ (PH x HD) 6’ is 
expressed by P, while that of the ele- 


ment CHF is equal to° °° in which 


a is the height of the step F H, and 3 
the breadth CH. The point of applica- 
tion of the thrust of the water is T 
situated at two-thirds the depth of im- 
mersion. T’ and T’ the horizontal and 
vertical components respectively. Then 
will P represent the direction of the re- 
sultant of P and T’; V V the resultant 


of P, T’ and the weight aad of the ele- 


ment CH F, while the general resultant 
of all the forces is R. Now, in this case, 
as in the previous ones, the whole solu- 
tion of the problem depends on finding 
the value of CR, or the distance from 
the outer edge C to the point where the 
resultant cuts the base, and this we will 
express as heretofore by the letter w. 
Then from the figure 


u=CH+HV—RV. 64, 


in which we know the value of CH=2, 
and require that of HV and RV. But 


is equal to the tangent of the angle 


VV 
which the general resultant R makes 
with the vertical, or calling this angle 
co then 


tan a ae 
an. © == 


ad 
abo’ 
P+ 7 





¥ Se T’e 
abs’ 


a 
P+ P+ a 
~~ VV 
in which ¢ is to be understood to express 


BD 
the value of V V=pT" 
H V may be found from the theorem of 
moments, by expressing the relation that 
0'a b aitgESe 


RV= 





The distance 


HVx(P+ 


3 6 
M 

ce. 

H iad + O'ab 


_ oO Ba 


M denoting the moment of P’ with re- 
spect of H. As to CH, its value is 4, 
the quantity we are in search of. Re- 
placing these quantities in the equation 
expressive of the value of ~, we have 
M-oO'a 
6 T’e 
ao'b 


O'ab 
Pine FF... 
+ 3 2 


Uu=b+ 





which, reduced to a common denomina- 
tor, becomes 
65. 
mis 66P +30 ad'+M-O' Pa-6T'e 
- 6P+30' ba 





Having thus obtained an equation for 
the value of u, the next step is to find by 
means of it an expression for J the 
breadth of the step. For this purpose 
draw from R, the point at which the 
general resultant of all the acting forces 
cuts the base, a perpendicular RN to the 
resultant, and from N a perpendicular to 
the base CD, thus forming a triangle 
RNO. Then, since the two triangles 
RV V and RNO have their bases on 
the same right line C D, and the side VR 
of the one perpendicular to the side NR 
of the other, and the sides V V and NO 
parallel, the angles at V and N are equal 
and the triangles are similar. But by 
the relation existing between the sides of 
such similar triangles, we have the pro- 
portion 

NO:RV::RO: VV. 


which gives for N O the equation 
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RVxRO_ 
VV 


Ct 
- -_ ea 
vied 2 
where f is the distance RO. But we 
have another pair of similar triangles 
which gives yet another value for N O, 
which must be deduced and made equal 
to that just found. These triangles are 
CON and CHF, and the proportion 
derived from the ‘relation of their sides 
is 


NO= 





66. 


NO:CO::FH:HC or 
nwo—COxFH COxa 


Ho. = 67. 





~~ 6b 


Equating equations 66 and 67, 
COxS=fx—z 
P+ 


ss 
sale SF e 
P+ *d 


And again, since if four quantities be 
proportional they will be in proportion 
by composition and division 
es T 
COWS 5+ Fab a 
“3 
and reducing, 
a 
' _ua(d'ab+2 P) 
» ~ a(0'ab+2P)+2T'b 
a ab. a 
ie 3 ¢ *F 
But the condition of stability is (equa- 
tion 16) expressed by the relation 


2 (P+ 2!) or 2P+d'ba 
ra 
aoa 


And equating these values given in equa- 
tions 68 and 69, 


ua (6'ab+2P) 2P+0'ba 

a(o’'ab+2P)4+2T6  £305°A 
Substituting for « its equivalent value as 
given in equation 65, and dividing both 
members of the resulting: equation by 
the common factor 2 P+ 0’ da, there re- 
sults 
6'La(6 bP’ +3 0'°6’'a+6M-6T'e- 5'b'a) 

=a (2 P’+6’ab+2bT’) (2P’+06' ad) 


68. 





f= 


69. 











Solving this with respect to x 5°, and ex- 
tracting the root, 
re 


3A- -2a 


P ee 
é a 
0" 


Ip (sa-20-27) 


eal ' 


b= - + 











ato 5-5) 


‘ae 


But this is capable of being yet further 
reduced by dividing through by 


sA- 5-2 a 


2A- mae 


—1( 


sere 





to the form 
6= 


= 4 
O'at 


70- 


) 


which is the expression for the breadth 
of the step. As to the meaning of the 
letters it may once more be stated, that 
P is the weight in pounds of AB DH F, 
and 6’ the density of the masonry. 
The vertical height (F H), which we de- 
termine to give the step, is expressed 
by a, that of the entire dam from the 
top to the dase of the step by A, and the 
moment of the weight P, with respect to 
the vertical F H forming the rise of the 
step by M; while by A, we mean, as in 
all previous formule, the greatest height 
to which we can raise a vertical wall 
without the pressure per unit of surface 
on the base, becoming larger than the 
limit R’ of pressure ; and by 0, the ex- 





M 


>2 
43 6=+OR 


P’ . 
Figet O- 





a or the ratio in which the 
density of the masonry exceeds that of 
water. This value of 0, is safely taken 
at 4. As to the height to be given to 
the step, this is of course to be assumed 
at pleasure, but the most pleasing effect 
is produced when it is taken at six or 
seven feet, for then, even in dams of one 


pression 
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hundred and sixty feet in height, con-| point on the outer face at which the 
structed of the heaviest stone, the breadth | first step should begin, or in other words 
of the step will rarely at any point be|the distance AB, in Fig. 19, is deter- 
materially greater than the rise. The| mined, as in the other instances, by the 














relation which the breadth on top bears 
to the height. If the thickness ¢, across 
the summit be assumed then 

20 


30. 4¢ 
a= — 42, — 
O0*FR GA 

but if the height a be assumed the proper 
thickness is to be had from the equation, 

OA 
8A-4a 
When that point on the inner face is 
reached, at which it becomes necessary 
to begin stepping, the breadths 4 and 0’, 
of the outer and inner steps respectively, 
may be had by substituting the value of 
w, in equations 15 and 16, and from the 
two resulting equations, finding b 
elimination two expressions for } and 0’. 
This calculation may, however, be avoid- 
ed, and considerable expense for cutting 
facing stone saved, by making the inner 
face vertical from top to bottom. Indeed 
the matter of expense for dressing stone 
is, perhaps, the most serious objection to 
the stepped profile, as it is necessary to 
dress both faces of the step. 

As regards the use of the formule for 


t=a 





this form of profile, it is to be borne in 
mind, that P includes the weight of the 
water as well as the weight of the 
masonry, so that in determining the 
breadth of the fourth step, the weight 
of the three columns of water resting, 
one on the first, one on the second and 
one on the third step, is to be added to 
the pressure of the masonry. The press- 
ure of the water is readily obtained from 
equation 1. 

The principles that have now been es- 
tablished in connection with the four 
types of profiles treated of, are all that 
are required to calculate the parts of any 
profile that is ever likely to arise in 
practice. They have, moreover, been 
determined without regard to the length 
of the dam, so that the structure will be 
one of equal resistance, and withstand 
the thrust of the water solely by its 
own weight. There is, therefore, no 
valid reason why adam constructed with 
a profile of equal resistance should be 
curved into the form of an arch, and 
this holds good, whether it be high or 
low, whether it obstructs a broad valley 
or a narrow one. The only thing that 
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can be accomplished by curving a dam, 
is to relieve it from severe strains, by 
transmitting as large a part of the thrust 


to the sides of the valley, but where the | 


profile is such that the dam is every- 
where equally strong, and equally capa- 
ble of resisting by its own weight the 
severest strain it is ever subjected to, 
there is surely nothing to be gained by 


increasing its length in order to transmit | 
this thrust laterally to the sides of the | 


It is true that in deep and nar-| ( 
top are laid with the most perfect kind 


valley. 
row valleys, some saving of material may 
be affected by curving the dam, which 
being thus relieved from a goodly por- 
tion of the thrust, may be diminished in 
thickness. But in long dams, it is an 
open question whether the saving thus 
affected is not more than balanced by 
the increased length. 

One other matter which deserves the 
most careful attention, and which in- 
deed unless it is carefully attended to 
will render the very best profile of no 
account, it is the binding of the stones, 
and the character of the inner filling. 
As to the bond, it is undoubtedly the 
wisest plan if the dam is to resist a great 
pressure, to avoid laying the stones in 
horizontal courses wherever such a thing 
is practicable, and to place binders in 
every possible direction. For assuredly, 
if it is necessary for the stability of all 
walls bearing a vertical load, that there 
should be no continuous joints in the 
direction of the pressure, it is just as 
important that a dam should have no 
continuous horizontal joints, because in 
the case of such structures almost every 
ounce of thrust they have to resist is 
horizontal, and thus exactly coincides 
with the joints. If the dam is curved, 
then this matter of broken horizontal 
joints is not of such vital importance, 
because no layer can then slide until 





| 
some one of the stones has been crushed, 


yet even here it cannot be too rigidly 
adhered to. By a strange inconsistency 
on the part of engineers, we often see 
this matter both regarded and disre- 


garded in the same dam. Many struc- 
‘tures of this class could be named, in 
‘which the rock foundation is stepped 


with the utmost care to preclude any 
possibility of sliding where sliding is of 
all places the least likely to occur, while 
the courses from the foundation to the 


of horizontal joints. 


The filling again must not be of too 


‘different a character from the facing. 


Where masonry consists of dressed stone 
and rubble work, the amount of settling 
is so different in each case that nothing 
like a bond can be preserved. The 
affect of such settling, we constantly see 
illustrated in the most striking way in 
canal locks. As is well known these are 
generally cut stone facings with rubble 
backing, but the latter settling more 
than the former become detached from 
the facings, when the water penetrating 
between the two kinds of masonry, the 
cut stone facings fall with the first frost. 
A good filling is that made of large 
rough blocks of stone, set at regular in- 
tervals apart, (the distance increasing as 
the top is approached) and the spaces 
between and over them filled in with 
beton of the first quality, a method, we 
believe, lately adopted in the construction 
of one of the Croton dams in this state. 
But perhaps a yet better one is to replace 
the beton by the French mixture known 
as Leton coignet. Both of these fillings, 
however, are good, as when well rammed, 
they form a close connection with the 
facing stones, and do away entirely with 
joints of any kind. 





A METHOD OF ANGULAR CROSS-SECTIONING.* 


By R. BELL, ©. E. 


material moved during the process of 
construction, that the engineer should 


In constructing railroads, canals and 
other works requiring the moving of 
earth and rock, it is necessary, for the 
purpose of computing the quantities of 





* A paper read before the Pi Eta Scientific Society of 
the Rensselaer Polytechnic Institute, at the annual meet- 
ing at Troy, June, 1875. 


have an intimate knowledge of the 
ground on the line of the work. This is 
obtained by means of cross-levels taken 
at right angles to the reference line of 
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the work at every station, and at such 
points between stations as the irregulari- 
ty of the ground may render them neces- 
sary. This work in engineering parlance 
is cross-sectioning. The method herein 
described is.a special application of the 
system of angular leveling. It can be 
used to great advantage in obtaining 
cross-sections of rock cliffs, steep side- 
hills, and rough irregular ‘ground in 
general where it may be impossible to 
follow the ordinary operations with the 
Y level or the level straight-edge, or 
where the notes taken by those methods 
are untrustworthy, because of the difti- 
culty of making accurate horizontal and 
vertical measurements. I have found it 
extremely useful and economical in ob- 
taining accurate cross sections of rock 
cliffs with perpendicular faces and over- 
hanging ledges ; where accurate sections 
are rarely obtained by means of the 
methods in common use, and where 
there is really the greatest need of them, 
because of the high prices usually paid 
for excavating and moving rock. 


_ The requirements for the proper carry- 
ing on of the field work are as follows : 
a transitman who directs the work ; two 
rodmen ; a transit with level on telescope 
and vertical circle ; a tape, divided into 
feet and tenths, to measure 100 feet ; 
and a plain rod 14 or 16 feet long. A 
telescope with level attachment is re- 
quired so that the transit may be used as 
a leveling instrument. The vertical 
circle is needed for the purpose of 
measuring angles in the vertical plane of 
the cross-section. One of the rodmen 
acts as a tapeman, while the other is 
carrying the rod ; and as the rod work 
is apt to be fatiguing, it is best to have 
them alternate at it about every second 
cross-section. When it is necessary to 
measure distances greater than 100 feet, 
or the length of the tape, it is best to 
use a line made of the flat steel wire 
which is used in the manufacture of 
hoop-skirts. At one end of the line 
there should be a ring securely fastened, 
and at every 10 feet there should be 
soldered a small piece of thin brass 
which has stamped on it the distance in 
feet from the ring end of the line. The 
plus distances can be measured with the 
tape. Three hundred feet of such a 
steel line can be conveniently carried on 


a light reel, and it will be found very 
useful for a variety of work. 

The best rod is made of straight grain 
pine, and is about one and one-quarter 
by two and one-quarter inches in size. 
The lower end should be protected from 
wear by a suitable shoe of iron or brass. 
Have the rod painted white. Divide it 
longitudinally on one of the wide sides, be- 
ginning at the lower end, into feet, tenths, 
and hundredths, by black lines. The 
foot lines should extend across the rod, 
the tenth lines one-half way across, and 
the hundredth lines oné-quarter of the 
way across. The foot lines should be 
marked with bright red figures twelve 
hundredths in height, and the tenth lines 
by black figures four hundredths in 
height, the middle of each figure being 
across the line which it designates. The 
hundredths can be read from the rod by 
the observer at the transit. The, black 
marks and figures wear the best when 
they are burnt into the wood, but paint 
answers very well if the rod is varnished 
with hard drying varnish after the paint 
has become thoroughly dry. The rod 
should be fitted with a clamping target, 
which has fastened to its face on the 
horizontal centre line, and as near to the 
vertical centre line as it can be placed, 
a small hook for the purpose of attach- 
ing the ring of the tape. The rod should 
also be provided with a screw or hook 
projecting from the top, to be used for 
the same purpose. 

These notes are more particularly 
descriptive of cross-sectioning on rail- 
road work, where the centre line has 
been located, levels run over it and the 
grade line established. It is supposed, 
also, that the cross-sectioning and 
“staking out” on ordinary ground has 
been done, or will be done, by the 
method in common use, and that the an- 
gular method is to be used only for the 
purpose of taking sections on such 
ground as it is peculiarly adapted for. 

Referring to the accompanying sketch, 
and to the field-book notes which are 
given below, the description of the 
manner of working will be readily under- 
stood. 

A, in the sketch, is the point in the 
centre line where the cross-section is to 
be taken. J represents the transit. In 
the description, J will be used to indi- 
\cate the axis of the telescope, to which 
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all measurements are taken. H, G, F, B, 
C, D, EF, are the points in the cross-sec- 
tion which it is desired to note. A line 


connecting these points represents the 


surface of the ground. VX isthe grade 
line of the section. The line of collima- 
tion when the telescope is level, is rep- 
resented by on. Z is a vertical 
line through A and J. 

Column 1 of the field book has en- 
tered in it the station A of the centre 
line where the section is taken. 

Column 2 contains the “ height of in- 
strument ;” or, in other words, the ele- 
vation of the line of collimation, on 
above the datum plane, when the tele- 
scope is level. The height of instru- 
ment is found by carrying the line of 
levels from the nearest bench-mark to 
the point where the instrument stands. 
The level notes may be kept in a com- 
pact form on the margin of the right- 
hand page of the field book, by adding 
the backsight, or the reading of the rod 
when it is held on the bench-mark, to 
the elevation of the bench-mark, then 
subtracting foresights and adding back- 
sights successively ; the sum after add- 


ing any backsight will be the height of | 


instrument at that time. 

Column 3 has entered in it.the “ grade,” 
or the elevation of the grade line V_X, 
above the datum plane, at the given 











hed tient Lee 
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station. This is taken from a list of 
grades whieh has been entered in the 
back part of the field book, as obtained 
from the profile of the located centre 
line. 

Column 4 contains the difference be- 
tween height of instrument and grade at 
the given station. If height of instru- 
ment is above, or higher than grade, the 
difference is marked plus ; if height of 
instrument is delow, or lower than grade, 
the difference is marked minus. This 
difference is constant for all the points 
of each cross-section, and it is used in 
the computations as if written in each 
line of the field notes. 

Column 5 has entered in it the reading 
of the rod. This is always subtractive, 
and takes the minus sign. 

Column 6 contains the measurement to 
the right or left from J, to the point 
which is noted, or to some observed 
point on the rod when it is held verti- 
cally upon the required point. 

Column 7 contains the angle which the 
line of collimation makes with the hori- 
zontal, when the telescope is sighted at 
the point to which the measurement 
noted in column six is taken. It will be 
observed that for each station there will 
be as many entries in each of the 
columns 5, 6 and 7, as there are points 
noted in*the cross-section at that station. 
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Columns 8, 9, 10 and 11, are not required 
for the field work entries. 


All elevations, measurements, rod 
readings, and results of computations, 
are given in feet and decimals. This 
being understood, the words feet and 
decimal may be omitted in the “ calling 
off,” and for the same reason the follow- 


“FIELD BOOK 





ing description will be abbreviated ; an 
elevation such as two hundred and forty 
six, and forty-four one hundredths feet 
(246.44), being called off, or read as two, 
forty-six, forty-four; a rod_ reading, 
such as two feet (2.0), is called off, two, 
naught; and a measurement such as 
three and three-tenths feet (3.3), is called 
off as three, three. 
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In order to explain the field work, we 
will suppose that the transitman—start- 
ing from the nearest bench-mark, using 
his transit as a leveling instrument, and 
following the ordinary leveling opera- 
tions—has arrived at a point A, where a 
cross-section is desired, and has set his 
transit over a stake or peg in the centre 
line at that point. A sight is then taken 
on the centre line, and 90° are turned 
off, which insures the cross-section being 
taken at right angles with the centre 
line. The transitman now enters station 
A in column 1 of his field book. The 
height of instrument has been found to 
‘ be 246.44, which is entered in column 
2. Grade in column 3 is 248,84, 
Height of instrument is delow grade, 
and the difference is entered in 
column 4 as —2.4. The distance from 
I to the level of the ground at A 
is found to be 3.1, which is entered in 
column 5 as if read from the rod through 
the telescope, and being a rod reading or 
its equivalent, it takes the minus sign. 
C in column 6 indicates that the point 
which is noted is in the centre line. Since 
there is no angle, zero is entered in col- 
umn 7. The telescope is now clamped 
level, and a sight is taken on the rod as 
it is held on the point B. The reading 
Bb is 2.0 and is entered in column 5. 
The tapeman, standing at the right of 
the transitman, calls off the distance 6 I 





as right 3.3, which is entered in column 
6, & being substituted for the word 
right. Since the line of collimation is 
horizontal, there is no angle, and zero is 
again entered incolumn 7. The end of 
the tape is now hooked on to the screw, 
or hook, in the top of the rod, and the 
rodman pushes it up the slope to the 
point C. After indicating that the end 
of the rod is at the point which he desires 
ta note, and that it is to be held there, 
the transitman sights at it, or at the 
point, and clamps the telescope. At the 
same time the tapeman ascertains the 
distance CZ to be R&. 13.0, and it is so 
entered in column 6. The sight having 
been taken directly at the point, there is 
no rod reading, and the entry in column 
5 is zero. The angle of JC with the 
horizontal Jn is found to be 33° 16’, and 
it is entered in column 7 as + 33° 16, 
the plus sign being placed before it 
because the angle is taken above the hori- 
zontal. 

The next in order is the point D, 
which the rodman reaches either’ by 
climbing, by going around the end of 
the cliff, or by means of a ladder. The 
end of the tape being held at the point, 
a sight is taken to it, and the telescope 
being clamped as before, the angle is 
found to be + 58° 30’. The rod reading 
is zero, and the distance DJ is 30.5 If 
the sight clears the edge of the cliff, the 
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telescope is allowed to remain clamped, 
and the transitman directs the rodman to 
go back from the face of the cliff to a 
point Z, as far as he expects the excava- 
tion to extend. The rod is held in a 
vertical position on the point, while the 
transitman signals the target tobe set 
and clamped ; which being done, the 
reading te is given as 6.6. The rodman 
then holds the end of the tape at the 
centre of the target, while the tapeman 
ascertains the distance eZ to be 41.8. 
These entries are made in the proper 
columns ; the angle in column 7 being 
the same as that for point D. 

If the point H should be so far back 
that the rodman cannot reach to set the 
target, he holds the rod in a vertical 
position until the transitman takes a 
sight on it and calls off the reading at 
which the target must be set. This the 
transitman can easily do, as there is no 
difficulty experienced in reading a rod, 
such as the one described, at a distance 
of 300 feet. Having the required point 
on the rod given him, the rodman clamps 
the target at it, and attaches the end of 
the tape to the hook on the face, then 
the rod being again raised to its vertical 
position, on the point ZF, and the transit- 
man having signaled all right, the read- 
ing and distance are obtained as in the 
first case. 

As all the points which are needed on 
the right of the centre line have now 
been noted, the transit is reversed and 
the points on the left are taken. The 
notes of the point / are taken and en- 
tered, similar to the notes of point B. 
ZL, for left, being placed before the 
distance in column 6, instead of R. The 
notes of the points G and H are taken 
and entered in a manner similar to the 
notes of the point #; with these excep- 
tions, however, that Z is substituted for 
F in column 6, and the minus sign is 
given to the angles in column 7. The 
last being for the reason that the angles 
are taken delgw the horizontal. 

A diagram of the cross-section can be 
made directly from the notes thus re- 
corded, by using a protractor and scale. 
But the process is slow, and the diagram 
is inconvenient since it involves the use 
of a scale whenever it is necessary te re- 
fer to it. 

Cross-sections of railroad work are al- 
ways plotted with reference to the grade 





line of the section as a base, and usually 
on the regulation cross-section paper. 
That is, paper ruled with two sets of 
lines at right angles with each other, 
every tenth line being heavier than the 
rest. The lines being ruled an equal 
distance apart, the use of a scale for the 
purpose of plotting the diagrams is un- 
necessary. 

It is desirable for several reasons that 
the diagrams of the angular cross-sec- 
tions should conform, as to method of 
plotting and style, with the ordinary 
cross-sections. A new set of notes 
should, therefore, be deduced from the 
field notes, by means of which the cross 
sections may be plotted on cross-section 
paper in the usual manner. In order to 
obtain such a new set of notes, it will be 
necessary to substitute for the polar co- 
ordinates of the field notes, a system of 
rectilineal coordinates, the coordinate 
axes of which shall be a horizontal line 
corresponding to the grade line of the 
section, and a vertical line through the 
point of intersection of the plane of the 
section and the centre line. Referring 
to the sketch, the horizontal coordinate 
axis will be the grade line V_X, and the 


vertical axis will be the line Y Z passing 


through A. If the base line on, of the 
system of polar coordinates was coinci- 
dent with the grade line V_X, the sub- 
stitution would be Very easy, since the 
vertical coordinate axis passes 
through the pole JZ of the system of 
polar coordinates ; and for a point such 
as Hit would be necessary only to find 
the latitude Zn and the departure 
ne for the distance 41.8 in column 6 
and the angle 58° 30’ in column 7; and 
then diminish the calculated departure 
by a distance equal to He, the rod read- 
ing which has been entered in column 5. 
But the line om is not coincident with 
VX, therefore it is necessary to further 
diminish the calculated departure by a 
distance equal to JK, which is equal to 
the difference between height of instru- 
ment and grade, already entered in col- 
umn 4. As V_X and on are never coin- 
cident, except by accident, it may be 
safely said that the correction of the 
caleulated departure for the difference 
between height of instrument and grade 
will always have to be made. And as 
the correction for rod reading will also 
require to be made in a majority of cases, 
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the work will be simplified if these two 
corrective quantities are combined before 
the correction of the calculated depart- 
ure is made. This is effected by finding 
and noting the algebraic sum of the 
quantities in columns 4 and 5 for each 
point of the cross-section. Since the 
vertical coordinate axis passes through 
J, and the sight and measurement are 
taken directly to the required point, or 
to a point vertically over it, the calculat- 
ed latitude does not need any correc- 
tion. 

The general method by which the sys- 
tem of rectilineal coordinates may be 
substituted for the system of polar co- 
ordinates being understood, the manner 
in which the work is recorded will now 
be observed. 

Column 8 contains the algebraic sums 
of the quantities in columns 4 and 5 for 
each point. 

Column 9 contains a departure calcu- 
lated from the measurement in column 6 
and the angle in column 7 for each point. 
Each departure takes the same sign as 
the angle which is used in calculating it, 
and is governed by the sign in the same 
manner. 

Column 10 contains a latitude caleu- 
lated from the distance in column 6 and 
the angle in column 7 for each point. 
Each latitude is governed by the same 
letter, R or LZ, that governs the measure- 
ment in column 6 which is used in cal- 
culating it. J 

Column 11 contains the corrected de- 
parture for each point, 7. ¢., the algebraic 
sum of the quantities in columns 8 and 


The column of points is introduced 
here for the purpose of showing at a 
glance which point of the cross-section 
each line of the notes has reference to. 

It will be observed that the signs plus 
and minus, in addition to being used in 
the — sense, are also used to indi- 
cate that a distance or angle is taken 
above or below some given line or plane. 
In column 4 the minus sign shows that 
the distance is taken below grade. In 
column 5 the minus sign indicates that 
the distance is taken below the line of 
sight: In column 7 the plus line shows 
that an angle has been taken above the 
horizontal on, and the minus sign, that 
the angle has been taken below the hori- 
zontal. In column 9 the plus sign indi- 





cates that the distance is to be taken 
above the line on, and the minus sign 
that it is to be taken below on. 

The quantities in columns 10 and 11 
comprise the new system of rectilineal 
coordinates. The letters R or LZ before 
the horizontal coordinates in column 10 
indicate in which direction—right or left 
—from the centre line Y Z the distances 
are to be plotted. The vertical coordi- 
nates in column 11 are governed by the 
signs plus and minus jn the manner men- 
tioned above, which is also in accordance 
with general usage. The plus sign indi- 
cating that the distance is to be plotted 
above the grade line V_X, and the minus 
sign, that the distance ‘is to be plotted 
below the line V_X. 

The computations for a few points will 
now be given as examples. henever 
the “sum” of any quantities is referred 
to, the algebraic sum must be understood. 
For the point A, the sum in cqlumn 8, 
of the quantities in columns 4 and 5, is 
—5.5. As there is no distance in column 
6, nor angle in column 7, there is neither 
latitude nor departure to calculate, and 
the entry in pose of the columns 9 and 
10 is zero. The sum of the quantities 
in columns 8 and 9 is entered as —5.5 in 
column:11. This is correct, as —5.5 is 
the sum*of A Zand JA. For the point 
B, the sum in column 8 of the quantities 
in columns 4 and 5, is —4.4. The dis- 
tance #. 3.3 in column 6 and zero in col-_ 
umn 7, show that the measurement was 
horizontal. Therefore R. 3.3, equal to 
Ib or Ks, is the correct latitude, and it 
is so entered in column 10. Since there 
is no angle in column 7, there is no de- 
parture to calculate for column 9, and 
the sum in column 11 of the quantities 
in columns 8 and 9 is —4,4, Thisis cor- 
rect, as—4.4 is the sum of ds equal to ZA, 
and Bb. For the point D, the sum in 
column 8 of the quantities in columns 4 
and 5 is —2.4, equal to dv or JK, since 
there is no rod reading in column 5. 
Referring to a traverse table, the lati- 
tude, for a distance equal to 1, corre- 
sponding to the angle 58°30’ is found to 
be .5225, which being multiplied by 30.5, 
the distance in column 6, gives 15.9, 
equal to Jd, Kv or w D, as the latitude. 
This, being governed by the same letter 
as the measurement in column 6, is en- 
tered in column 10 as R&. 15.9. The de- 
parture, taken from the table, for the 
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same angle, is.8526 which being multiplied 
by 30.5 gives 26.0, equal to Zw or dD, 
as the calculated departure. This, tak- 
ing the same sign as the angle, is entered 
in column 9 as + 26.0. The sum of the 
quantities in columns 8 and 9 is entered 
in column 11 as +23.6, which is correct, 
as it is equal to the difference between 
Ddanddv. For the point G, the sum 
in column 8 of the quantities in columns 
4 and 5 is —5.9, the sum of oz equal to 
IKand Gg. The calculated departure 
in column 9 is — 9.4, equal toog. The 
latitude in column 10 is Z17.0, equal to 
Io, Kxor YG. The corrected depart- 
ure in column 11 is —15.3, equal to the 
sum 02, og and Gg. 


It will he observed that the point A is 
recorded by means of a rod reading 
alone ; the point B by a measurement 
and rod reading, without any angle; the 
point D by a measurement and angle, 
without any rod reading ; and the point 
G by means of all three, angle, measure- 
ment and rod reading. 


In plotting the cross-section diagrams, 
columns 10 and 11 of the notes are alone 
referred to. After fixing upon a hori- 


zontal line of the cross-section paper to 


represent the grade line V_X, and a ver- 
tical line to represent the centre line 
through A, the plotting is quickly and 
easily done. To plot the point A for in- 
stance.—Zero in column 10 shows that 
the point has no latitude; therefore a 
measurement—from column 11—of 5.5 
below the grade line and in the centre 
line, fixes the point. The measurements, 
of 3.3 to the right of the centre line, 
and 4.4 below the grade line fix the point 
B. Two measurements, 10.8 to the right 
of the centre line and 4.7 above the 
grade line, fix the point C. In a similar 
manner all the points are plotted, due 
regard being had for the significance of 
the letters in column 10, and the plus 
and minus signs in column 11. 


Slope lines, showing the boundaries of 
excavations and embankments, can be 
drawn on the diagrams. The distances 
from the centre line to the points where 
the slope lines intersect the ground line, 
together with the distances of those 
points above or below grade, should be 
noted in the field book. Then, when 
the distances obtained from the diagram 
are measured out from #he centre line on 





the ground, the slope stakes, with the 
“cuts” and “fills” marked on them, 
can be driven in their proper places. A 
“cut” will be the distance of the point 
above grade. A “fill” will be the dis- 
tance of the point below grade. If, 
during the progress of the cross-section- 
ing, it is thought that a slope stake is 
likely to be required in the vicinity of a 
point, such as /, at the top or foot of a 
steep slope or cliff, it will be best, in 
order to obviate the necessity for a 
further measurement over the difficult 
ground, to fix the point & when it is 
noted in the cross-section, by driving a 
marked stake. The fact that such a 
stake is driven at that point should be 
noted in the field book. Then, when 
the proper location of the slope stake 
has been found on the diagram, it, can be 
referred to the point Z instead of to the 
centre line. In the case of a rock-cut or 
quarry, where it is usually impossible to 
excavate to an exact given line, the 
finished work can be cross-sectioned and 
plotted in the same manner as the orig- 
inal ground. 

If it should be necessary to cross-section 
ground which cannot be seen from the 
transit when it is set in the centre line, 
as, for instance, ground back of ZF, a 
stout peg must be solidly driven at or 
near #, in the line of the section, and its 
elevation must be carefully obtained and 
recorded the same as other points of the 
cross-section. A stake should also be 
driven near G@ or H, so that a pole may 
be set there for a back sight, in case A 
cannot be seen from the peg. Since the 
elevation of the peg and its distance 
from the centre line can be obtained, the 
cross-sectioning can be continued by any 
method, as far back as may be necessary, 
the peg being used as a “ change point” 
and point of reference for measurements. 
If the angular method is to be used, the 
peg must be driven where the transit 
can be set over it conveniently. Before 
continuing the cross-sectioning it is well 
to set the transit up temporarily a short 
distance from the change peg, and drive 
a second peg at the same elevation as the 
first and ten or twelve feet from it. 
Then, when the transit is set over the 
change peg, a rod reading on the second 
peg will give the exact distance from 
the change peg to the line of collimation. 


| This is, of course, much more, accurate 
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than a tape measurement from the peg 
to the axis of the telescope. 

If the located centre line is in a pond 
or stream, or any place where the transit 
cannot be set, an auxiliary base line may 
be established at a noted distance on one 
side, from which the ‘cross-sections can 
be taken. Before the diagrams are plot- 
ted, the calculated latitudes for each 
cross-section must. be increased or di- 
minished by the distance from the auxil- 
iary base line to the located centre line 
at that cross-section. 

The rodman should carry a plummet 
and line for the purpose of plumbing his 
rod when the sight is taken at a high 
point upon it. 

If the centre line is curved where the 
cross-sections are to be taken, the tran- 
sitman should have the notes of the curve 
in his field book, so that he may be able 
to set plus stakes correctly, and also take 
the cross-sections normal to the curve. 
Just here the transit is very useful, as 
the work can be done accurately, while 
when cross-sectioning on a curve with 
the level, the setting of plus stakes and 
laying off of normals is a matter of some 
jeggment and considerable guessing. 

he instrumental work of the transit- 
man is comparatively easy, so that he is 
able to give his attention to the proper 
directing of his assistants. 

Having given a place to set the transit 
within the line of the cross-section, I 
think it is safe to say that the only limit 
to the use of the “angular method” will 
be the inability of the rodman to reach 
with the end of the rod or the tape, the 
point which it is desired to note. And, a 
rope and ladder and one or two extra as- 
sistants being provided, there are very 
few points that cannot be reached. 

As I have not been able to profit by 
the experience of others in the use of 
this method of cross-sectioning, I do not 
claim that the manner of conducting the 
field work and recording the notes, is not 
capable of being improved. Indeed, I 
am inclined to think that at least a slight 
change in the arrangement of the field 
notes would result from my further ex- 
perience. 

Whilst writing these few pages I have 
had in view the fact that they are in- 
tended for the perusal of those who 
have, as yet, had but little experience in 
the practice of engineering, and for that 








reason I have endeavored to make as 
plain as possible every point of the field 
work and computations that might be 
obscure. In doing so there have un- 
doubtedly been many needless repeti- 
tions, and many things have been men- 
tioned which I should not have thought 
of touching upon if I had not kept in 
mind the fact—learned. through many 
troublesome experiences—that there are 
many little technical points and obscuri- 
ties of engineering practice which, in the 
nature of things, cannot be brought to 
the notice of students, things which be- 
come so nearly second nature to old en- 
gineers that they are not considered 
worthy of mention, so that the young 
engineer has to pick them up as best 
he may. This is my excuse for being 
apparently so prolix in the treatment of 
a subject so simple. 
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CRINOLINE FoR IRoncLADs.—Not_ be- 

cause of the sex attributed to armored in 

common with all other ships, but for the 

same reason for which, according to the 
learned Knickerbocker, the maidens of - 

Manhattan enveloped their ample figures 
in manifold plackets, is it proposed to — 
encircle our ironclads with a network of 
iron wire, supported by booms at a dis- 
tance of 22 feet, and kept rigid to below 
the depth of the keel by heavy weights. 
The danger to be guarded against is the 
fish-torpedo, one species of which can be 
unerringly propelled under water a dis- 
tance of a mile, and if it then strikes 
the ship beneath her water-line she must 
inevitably sink; for it is understood that 
all the — on board a turret-ship, 
working at their highest pressure, would 
be iticapable of discharging the water 
which would be admitted through a hole 
no larger than that made in the Van- 
guard by the prow of the Tron Duke. 
An experiment with this netting is about 
to be made on the Zhunderer—the most 
costly of all ironclads—and there is just 
a chance that, notwithstanding the crino- 
line, she may be sent to join what is 
called our submarine fleet. The White- 
head torpedo appears to be a most ef- 
fective implement of destruction ; in- 
deed, it would seem that there is no end 

to the “perils that environ ” ironclads. 
—Tron. 
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THE MARINE COMPASS—CONSIDERATIONS RELATIVE TO 
CERTAIN FUNDAMENTAL REQUIREMENTS OF IT, WITH 
SPECIAL REFERENCE TO THE CONSTRUCTION OF 
THE NAVY COMPASS. 


By Proressor B. F, GREENE, U.S. N., Superintendent of Compasses, Bureau of Navigation. 


Proceedings of United States Naval Institute. 
II. 


I HAVE entered somewhat more into 
dynamical details, especially in regard of 
these resistances to the motion of a com- 
pass-card, than rq a at first sight seem 
to be necessary ; but, in order to form 
an intelligent judgment of the conditions 
which should control the construction of 
the marine compass, we must take into 
consideration the laws of the resistances to 
the card motion, and these cannot be duly 
appreciated without, at least, a definite 
recognition of all the elements of these 
resistances. 

Now, with regard to the relation of 
these resistances to the sensibility of a 
compass, it will be evident, I think, that 
the resistance of the medium, however 
great it may be during certain stages of 
the motion of the card, cannot give rise 
to any part of the defect of sensibility ; 
for, in the first place, in regarding this 
resistance as solely a direct function of 
the velocity, it must decrease with the 
velocity and completely vanish with the 
cessation of motion ; secondly, and with 
still stronger reason, it should follow 
from the assumption that the resistance 
varies directly as the square of the ve- 
locity ; that, as the velocity of the bod 
diminishes in approaching its final posi- 
tion of rest, the resistance of the medium 
diminishes in the much more rapid ratio 
of the velocity squared; so that, with 
the last element of the velocity, the last 
element of this resistance is a quantity 
infinitely smaller in comparison. 

Hence, it must be concluded that the 
resistance of the medium, whether air or 
liquid, has no influence whatever on the 
ultimate angle of set by which a com- 
pass-card deviates from a previous po- 
sition of rest after being deflected from 
it. 

It is otherwise with the friction at the 
pivot; for this being a constant force 
wholly independent of the velocity, it 
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remains the same, during the smaller 
elements of the velocity, as during the 
most rapid motions, until it finally comes 
into equilibrium with the motive forces, 
and there results an angle of set, or de- 
fect of sensibility, which is represented 
by the moment of friction divided by the 
product of the magnet-power and direct- 
ive force. 

There may be a question whether, in 
addition to the friction of the cap upon 
the pivot, there may not be a certain 
amount of friction due to the action of 
the fluid in the cap immediately sur- 
rounding the pivot. This point is in- 
volved in some obscurity at present. It 
is not easy to separate a possible fric- 
tional resistance like this from what is 
recognized as the resistance of the medi- - 
um proper ; so that it is quite probable, 
whenever the former has an appreciable 
value, that it should be merged in the 
latter, in the results of experiments. 

Consequently, the conditions most 
favorable to the sensibility of a compass 
appear to be these : 

1, That the pressure of the card upon 
the pivot and the area of the surface in 
actual contact between the cap and 
pivot shall both be as small as possible. 

2. That the material of the cap and 
pivot shall be as hard, as true to form, 
and as smoothly polished as possible ; 
and, > 

8. That the magnet-power of the card 
shall be as great and as permanent as 
possible. 

The pressure upon the pivot remains 
unchanged for the same compass-card ; 
but both the mean radius of the rubbing 
surface and the co-efficient of friction are 
liable to increase—the first from the 
wear of the material and the second 
from the irregularities and roughness of 
the wear. The magnet-power is liable to 
decrease—in some cases very seriously 
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from original defects in the formation of 
the eard-magnets, and in others from ac- 
cidental causes incident to the handling 
of the compass on board ship. 

But whatever the angle may be which 
represents the defect of sensibility, 
either at the outset or as the result of 
subsequent changes in the compass-con- 
dition, it is always an error of the com- 
pass. Moreover, it must be regarded as 
one of the most dangerous errors to 
which the compass is liable ; because, 
whenever the actual condition of the 
compass is unknown, its value is as un- 
certain as that of the function upon 
which it depends ; and this may vary 
from an extremely small quantity, when 
the sensibility is practically perfect, to. a 
quantity as large as unity, when the 
sensibility is nothing. 

In passing from the present topic, a 
remark may be permitted on the pre- 


ceding definition of sensibility. It will 
hardly escape notice that the definition 
here given is not strictly in accord with 
a prevalent habit of verbal expression, 
not only among nautical men, but in or- 
dinary popular language. Thus, a com- 
pass 1s said to possess sensibility when 


“it is lively,” when “it moves quickly,” 
etc., without regard, so far as I am 
aware, to the condition which I have re- 
garded as essential to the idia of com- 
pass-sensibility. 

Now, a compass-card, when nicely 
balanced at a jeweled cap upon the 
point of a hardened pivot, is extremely 
susceptible to motive influences from 
purely mechanical causes, independently 
of any magnet-power whatsoever in the 
card. The slightest disturbance actually 
applied to it may be sufficient to set it 
in motion. It is true that the motion 
will be different in certain respects when 
the card at the same time possesses an 
magnet-power. But the mere excitabili- 
ty of a compass-card, however great, 
and whether resulting in vibratory or 
other motions, cannot be regarded as a 
true or sufficient criterion of its sensibili- 
ty from a magnetic point of view. 

The intrinsic property of a compass- 
card, alike with that of a simple mag- 
netic needle, is its tendency to return to 
its position of magnetic equilibrium when- 
ever deflected from that position ; and 
this is realized under the combined in- 
fluence of the exterior directive force 





/and its own magnet-power. If it fail in 
‘any degree to do this, its most character- 


istic, not to say its most useful, property 
is so far imperfect. The question, as it 
seems to me, is not whether the card is 
more or less excitable in its movements 
about its position of rest—for this may 
depend on several distinct circumstances 
—but solely whether, in whatever way 
done, it accomplishes unerringly, and 
with a nicety of precision that admits of 
no doubt, its prime function. When it 
does shis—which it never can do except 
by accident, unless the resistances to mo- 
tion are so small in comparison to the 
motive forces as to be uninfluential— 
then I think that the specific term sensi- 
bility is both significant and appropriate 
as the expression of such a fact. 


IlIl.—STEADINESS OF THE COMPASS. 


A compass-card is said to be stable, or 
steady, when it maintains its position of 
equilibrium, under the magnetic forces 
which act upon it, without sensible dis- 
turbance by the various mechanical in- 
fluences which are liable to be called in- 
to action on board ship. A compass 
may possess sufficient magnet-power and 
perfect sensibility, and yet be so deficient 
in steadiness, during the rolling, pitch- 
ing, yawing of the ship, as to be practi- 
cally useless. But any apparent com- 
patibility of deficient steadiness with 
perfect sensibility can only exist for a 
very brief period ; for the effect of much 
motion of the card must be to blunt or 
otherwise injure the pivot, or to wear the 
cap, with the inevitable consequence of 
increasing the friction, and thereby di- 
minishing the sensibility. 

Card-unsteadiness is a mechanical diffi- 
culty, and the remedy must be mechan- 
ical, so far as it is practicable to have 
one without compromising the sensibility. 

There are two conditions of steadiness, 
which, at the outset, are always applica- 
ble to the cards alike of dry and liquid 
compasses. These are : 

First, that the card shall have a ten- 
dency, whenever tilted to one side, to 
return to its position of horizontal 
equilibrium. This condition is satisfied 
by placing the centre of suspension well 
above the centre of gravity of the card, 
and also, in the case of the liquid com- 
pass, above the centre of buoyancy in 
the card. 
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Secondly, that the card shall have no 
tendency to rock in one direction more 
than in another ; that is to say, no ten- 
dency to wabble about any of its diame- 
ters. And this condition requires that 
the material of the card shall be so dis- 
tributed as to give equal moments of in- 
ertia about all its diameters. It is satis- 
fied by. arranging the relatively heavy 
card-magnets in one or more symmetrical 
pairs, on equal parallel chords of the 
card, at certain calculated distances 
from the centre. 

But these conditions, although on the 
side of stability, so far as they go, and 
quite essential to a well-made compass- 
card of any kind, fall far short in prac- 
tice of realizing even tolerable steadiness 
in the air or dry compass ; for, while the 
card may not be liable to wabble, it is 
still prone to rock in every direction, 
and, although prevented from actually 
tilting over, it is liable to spin entirely 
round in its own plane under the in- 
fluence of sharp jars or shocks. 

Various remedies have been proposed 
at different times for this serious defect 
of the air compass. One of these con- 
sisted in fixing several projecting pins 


upon the upper surface of the card, | 
|greater wear at the pivot; and, if to 
this be added the possible deterioration 


which, by their friction against the glass 
cover above, might subdue excessive 
whirling and rocking motions, although 
no actual contact need exist while the 
card was in its more quiet and normal 
condition. 

Another compass, well known afd still 
in use, of a celebrated maker, has the 
provision of a very heavy card, weighing 
not much less than ten ounces, supported 
on a fixed spindle passing through it, 
with upper and lower bearings; and 
this arrangement, whenever its resistance 
to motion proves insufficient, is aided by 
a friction-brake, which may be turned 
on ad libitum, until the card becomes 
quite steady, as it undoubtedly should 
with the means at command. 

The simplest and probably the. best 
provision of this kind is that of a merely 
heavy card, with enlarged bearing sur- 
faces at the pivot. 

These, however, are not a tithe of the 
different devices which have been re- 
sorted to from time to time, as remedies 
for the evils of an unsteady compass. I 
have referred to them merely as illustra- 
tions of a kind of relief much resorted to 





even by intelligent navigators of the 
present day ; and yet they certainly ap- 
pear no more rational than the recourse 
of the less-informed skipper, whose little 
craft, dancing like a cockle-shell upon 
the waves, infects his compass with an 
excitement which he endeavors to allay 
by putting brick-dust in its cap. In 
principle they are the same. The reme- 
dy, so far as it proves effective, consists 
in the production of a moment of friction 
capable of counteracting the mechanical 
excitements to motion. 

Without entering into any descriptive 
details, I think it may be said that the 
prevailing idea of these provisions is that 
of a heavier card, with more powerful 
magnets and the use of more rounded 
pivots. But, with the increase of press- 
ure and bearing-surface at the pivot, 
there comes a proportional increase in 
the moment of friction ; and thus, while 
the magnet-power is increased in a cer- 
tain ratio, the moment of friction is aug- 
mented in a much higher one ; so that, 
on the whole, there results at the outset 
a considerable sacrifice of sensibility, 
attended by a corresponding error of the 
compass. And this is not all, for these 
heavier weights develop proportionally 


of the magnets, it is not difficult to see 
that, even if the defective sensibility be 
tolerated at the beginning, the error 
from this source is liable to become so 
great, and withal so uncertain, as to 
make the advantage gained in mere 
steadiness (never, | believe, very satis- 
factory at the best) af doubtful value, in 
view of the possibly very serious sacri- 
fice in precision. 

If practicable, therefore, such a reme- 
dy should be found for unsteadiness of 
the compass-card as shall not impair its 
sensibility. And this we have by com- 
bining with the two preceding conditions 
a third, namely, that of placing the com- 
pass-card in aliquid instead of a gaseous 
resisting medium. 

By the use of a liquid rather than an 
air medium, we gain the advantage of 
the greatly increased resistance due to 
the superior density of the former, which, 
for the liquid likely to be employed, 
would not be much less than 800 times 
that of the air. The law of the resist- 
ance would be the same in both. 





‘ 


404 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





With this provision, the more violent 
the impulse to motion, the more ener- 
getic the resistance ; since, as the veloci- 
ty of the card increases, the resistance 
of the medium increases in the more 
rapid ratio of the velocity squared, 
while, as already noticed, the resistance 
decreases in the same rapid ratio as the 
velocity becomes less. 

This is illustrated by a glance at the 
two horizontal rows of figures, of which 
those in the uppgr row represent veloci- 
ties, and those in the lower row the cor- 
responding proportional resistances : 


Velocities, 


32, 16, 8, 4,2,1, 4, 2 8 ve reve 


tances, 
1024, 256, 64, 16, 4, 1, i, ts Ba xt, ters 


Thus, a velocity represented by 32 en- 
counters more than 1,000 times the re- 
sistance that a velocity of 1 encounters ; 
while a velocity diminished to vy en- 
counters a resistance of less than rigs of 
that due to a velocity represented by 1. 

Hence the admirable facility with 
which a liquid compass may adapt itself 
to such opposite requirements ; in one 
case presenting the most effective re- 
sistance for the destruction of all actual 
motions of the card, however great ; in 
the other, offering the least possible ob- 
stacle to such motions, when in small 
arcs about the position of rest, whether 
. in their incipient or terminal stages. 

Nevertheless, the advantages even of 
a liquid medium are greatly enhanced by 
a certain auxiliary provision, of sufficient 
importance to be regarded as a fourth 
condition of steadiness, to wit, that of the 
use of a buoyant skeleton-card ,with a 
minimum pressure at the pivot. 

With this provision, the resistance to 
circular motions is greatly increased, not 
only from the larger effective. section of 
the card, but also from the larger co- 
efficient due to its skeleton form ; and, 
at the same time, the evil effects of the 
severe vertical shocks upon the pivot, ex- 
perienced by the heavy disk-like cards, 
are greatly mitigated, in a higher pro- 
portion even than the reduction of press- 
ure at the pivot. . 

Of course, the well-known advantage 
of the gimbal action is not to be over- 
looked as a fundamental condition of 
steadiness. But this provision is a con- 
dition of all marine compasses, besides 


Resis 





entirely outside of the compass-bowl. 
Without this, or its equivalent, no other 
ovum of compass-steadiness would 

of any avail whatever, and even the 
existence of such an instrument as the 
marine compass impracticable. 

I have thus presented an outline at 
least of the considerations which, in my 
judgment, should control the construc- 
tion of the marine compass, upon the 
basis of the three fundamental properties 
assumed at the outset to be essential to 
its most perfect action on board ship. 


IV.—THE NAVY COMPASS IN THE LIGHT OF 
THE PRECEDING REQUIREMENTS. 


The Navy compass, as already intimat- 
ed, has the distinctive peculiarities of a 
buoyant card in a liquid resisting me- 
dium ; the mean density of the card be- 
ing so adjusted to the density of the 
liquid as to produce a small downward 
pressure upon the ore in the ordinary 
forms of ship and boat compasses, or a 
small wpward pressure against the pivot 
in the special form of “ tell-tale” or cabin 
compass. The compass-bow] is provided 
with a self-adjusting expansion-chamber, 
by means of which the bowl is kept con- 
stantly full, without the show of air- 
bubbles on the one hand or the develop- 
ment of undue pressure on the other, 
from changes of temperature. 

The ship compass of general use has a 
74 inch skeleton-card, with provision for 
one symmetrical pair of magnets, a di- 
vision on the outer ring to quarter-points, 
and a card-circle adjusted to the ring, 
which is divided to half-degrees. The 
bowl-circle, or outer edge of the rim 
upon the bowl, is made rigid and turned 
strictly to gauge, so as to admit of the 
interchange, from one bowl to another, 
of every azimuth circle of its class. The 
compass is alike used in the steering 
binnacle or for azimuth purposes. 

I shall now briefly consider, under the 
three general heads previously treated, 
how nearly this compass appears to be 
capable of satisfying the conditions 
therein set forth. 

First, with respect to magnet-power.— 
The magnet-system of this compass con- 
sists of two equal compound magnets, 
inclosed in parallel tubes in the two 
chords of the circle, a little within the 
angle of 30 degrees from the parallel 
diameter. LKach magnet is built up of 6 
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lamine ; each lamina being 64 inches 
long, 1« of an inch wide, and about 7% of 
an inch thick. Each compound magnet 
weighs about 880 grains, or a little less 
than two ounces, with but slight varia- 
tions. 

The steel of which these magnets are 
made is that, known in commerce as 
“Stubb’s Sheet,” which, from numerous 
experiments by Mr. E. 8. Ritchie, has 
proved to be the best for this purpose, 
not only for its uniform excellence, but 
for its magnetic capacity in both intensity 
and permanence. fh this Mr. Ritchie 
has but confirmed the conclusions of 
Doctor Scoresby, of thirty or more years 
ago, as to the superior qualities of this 
(English) steel for magnetic purposes. 

The lamin, having been cut to the 
proper size, are hardened and tempered 
throughout their entire length, the pro- 
cess being so conducted as to secure a 
remarkable degree of uniformity in the 
results. The magnetization is then ef- 
fected by means of a very powerful 
electro-magnet to their utmost capacity. 
After this, the lamine are separately 
tested for their relative magnet-power 
by a deflection-needle, and the angle of 
deflection marked on each ; and, finally, 
they are laid aside for a little time in 
promiscuous contact. As xequired in the 
formation of card-magnets, these lamin 
are next subjected to a careful scrutiny, 
being taken, one by one, and again‘ test- 
ed for magnet-power ; and every piece 
which shows any sensible falling off, as 
compared with the previous test,is thrown 
out. 





Although I was hardly satisfied, a year 
ago, with certain details in the formation 
of our card-magnets, I am convinced 
that the present process, as just deserib- 
ed, is substantially in accord with our 
best knowledge on this subject, and is 
destined to leave little to be desired in 
point of completeness and thoroughness 
for the end to be attained, namely, ¢v se- 
cure the most powerful magnets,compatibly 
with the condition of the greatest perma- 
nency, for given weights of scale, 


As to the actual magnet-power of the 
Navy compass, it was important to know 
how it compared with that of other well- 
known compasses. For the purpose of a 
comparison, I selected two 74-inch cards 
of well known English makers, the best 
of their kind, and designed especially 
for steadiness, as “ heavy-cards.” One 
is designated as card “B, 468,” the 
other as card “D, 305,” the latter being 
a spindle card for double bearings. The 
former has two magnets, and the latter 
four, in symmetric pairs. Both cards 
belong to compasses of the collected 
specimens in my rooms at the Bureau of 
Navigation, and* both appear to be in 
good condition ; but whether either has 
suffered any loss in magnet-power, as 
compared with its original condition, I 
am of course unable to determine.* 
The Navy card is one of the recent 
make. 


The results of these comparisons, by 
each of the three methods for finding the 
magnet-power, are given below : 


COMPARATIVE MAGNET-POWER OF THREE COMPASS-CARDS. 
L—By the method of deflections. 





Relative 
| weights of 
| cards. 


Designation of 
compass. 


Distances 
between 
centres. 


Relative magnet-power. 





Angle of | 


deflection. That of 


N.C. =1. 


In units 
employed. | 











Inches. 
28.8 
26.8 
30.3 


Degrees. 
7.4 3102.4 
4.5 
9.2 


1.000 
0.488 
1.453 





1514.6 
4504.0 








The observations were taken at equal * These two cards have always been kept on their 


pivots, in free suspension, taking their respective 


distances east and west of the needle, 
and the angle is the mean of the two. 
observations. The needle was three) 
inches long. 


positions of equilibrium, in a condition to gain rather 
than lose in magnet-power. The Navy compass-card 
has, on the contrary, been kept on a shelf, but with ite 
pole toward the north. 
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Il.— By the method of oscillations. 





Time of oscillation. 


Relative magnet- 
power. 


Relative moment of 





Designation of 


yore | With the 


Of card aaa 
additional 
solely. weight. 


In units 
employed. 


| 
In units | That of 
employed. | N. C. = 1. 





Seconds, | Seconds, 
11.69 | 12.94 
1031 | 12.96 
9.79 10.82 











0.0325 
0.0162 
0.0471 


4.441 
1.725 
4.520 











The respective times are means of 10 
to 16 oscillations ; suspension by threads 


without twist ; in small arcs ; protected 
from currents of air. 


Iil.— By the method of torsions. 





| Angle of 
| detlection. | 


| | 


Designation 
of Tensions. 
compass. 


Readings 
of torsion- 
circle. 


| 
| Relative magnet- 


: | ° ower. 
Differen- P 


ces of 
readings. 


Angle of 
torsion. 





| 
Mean | That of 
| torsion. N. G. =1. 


| 





+ Degrees. 

0 
90 122 
90 177 


108 
224 


| 
iy 
0 
oe ae 
| 
| 





0 
90 
0 





| Degrees. 
328 


291 5 
113.0 
112.0 


| Degrees. Degrees. | Degrees. 


154 


151 1.000 


62.5 


116 27.5 0.440 


119 


| 
| 


1.448 














The tensions for this method were re- 
duced to a condition of approximate 
equality by the application of weights. 

The results by the three methods are 
in quite close accord, with the exception 
of that for the card “B, 468,” by the 
methods of torsions, the somewhat 
smaller value of which being due proba- 
bly to the less favorable conditions un- 
der which the observations by torsion 
were made for that card. 

It will thus be seen that the magnet- 
power of the navy-card, while somewhat 
more than twice that of card “ B, 468,” 
is less than that of card “ D, 305,” in the 
ratio of 1.000 to 1.450. 

It will also be noticed, in comparing 
the oscillation-times and moments of in- 
ertia in the second and fourth columns 


of Table IL, that a longer oscillation- 
time is not a certain indication of a 
lower magnet-power, unless due account 
be taken of the moment of inertia. 
Thus, the oscillation-time of the navy- 
card is about thirteen per cent. great- 
er than that of card “B, 468,” but 
its moment of inertia is nearly three 
times as great, so that the magnet-power 
is, on the whole, more than twice as 
great as that of the latter. On the other 
hand, as compared with the card “D, 
305,” the oscillation-time of the navy- 
card is still greater, but its moment of 
inertia is actually smaller, so that in 
this case the magnet-power is smaller, as 
it should be, than that of the card “D, 
305.” 

Although, as shown by these observa- 
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tions, there is a good comparative degree | magnet-power, other things remaining 
of magnet-power in the navy-card, my | the same. 
principal doubt is, at present, in regard| But, whatever may be revealed here- 
to the question whether we have yet! after by a closer inquiry into the facts 
reached the practical limit of magnetic| of our navy experience with the present 
development to which the card may be | form of compass, I am fully convinced 
judiciously pushed. No case even of | that magnet deterioration isa much more 
apparent deficiency in the ma net-power | prevalent and more serious evil than it is 
of this card has ever been brought to} generally supposed to be by nautical 
my notice ; and my doubt on the point|men. I have had occasion, within a year 
is, therefore, not based on the supposi-| past, to notice a number of instances of 
tion of actual deficiency in this respect | this kind, some of which were serious 
for ordinary circumstances, so much as|enough, and in one or two instances 
on the conviction, héretofore expressed, where I least suspected it, and by which 
that the compass-card should always pos- | I was considerably astonished. 
sess a liberal reserve of magnet-power—| The whole subject of the magnet-power 
up to the very limit which may be im-|of a marine-compass, in its twofold as- 
posed by other conditions of card-con-| pect of intensity and permanency, has 
struction-—in order to provide for those | appeared to me of such fundamental im- 
large fluctuations in the directive force | portance that I have determined to de- 
the effect of which might be to seriously | vote some time to its special study, with 
diminish the moment of motive force, | the hope that I may be able to clear up 
and thus to proportionally increase the| certain points not now as well establish- 
defect of sensibility. /ed as I should be glad to have them. 
With respect to the question of mag-| Secondly, with respect to sensibility.— 
| It will not be very difficult to understand 


netic permanency, our experience is too 
recent with the present process of mag- why the navy compass should be expect- 
net formation to permit the expression |¢4 to possess a high degree of sensibili- 


of any opinion as based upon actual re-| ty: 


Keeping in mind the condition already 
gtated, that the defect. of sensibility is 
equal to the moment of friction divided 
by the product of the magnet-power and 
higher average of magnet-power in the directive force, let us consider the actual 
magnet-piles, are well adapted to secure relations of these elements in the navy 


the most reliable state of permanency. | COmpass. ‘ 
Now, as to this compass, the mean 


_ It should not be inferred that our pre- density of the submerged card admits of 
vious experience has been particularly being so adjusted to the density of the 
unfavorable with the results of the old liquid as to secure any desired buoyancy, 
rocess. So far as I am aware, not aD | and consequently produce any desired 
instance has occurred, within several pressure of the card upon the pivot, how- 
years past, of a reported discovery of| ever small, and whether upward or 
any serious declension in magnet-power | q,.nward. 
of the navy compass. Still, this is a kind)“ Ty¢ minimum pressure at the pivot of 
of negative evidence, to which I am in-| the seven and a half inch card has thus 
clined to attach very little value, in the|}.., adjusted to about sixty grains, at 
face of one positive fact to the contrary; |i. mean temperature of sixty degrees 
and I hope to have the means hereafter | Fahrenheit, in order to provide for the 
of ascertaining the facts, on the return!) a iotions of temperature and conse- 
of our compasses to store after consider- quent changes in the density of the liquid 
able periods of service on board ship. ordinarily encountered at sea. It is nec- 
In this respect, as in many others, | essary and sufficient that the least press- 
there is an important advantage in favor|ure t6 which it may ever be. reduced 
of the navy compass—that the compass-| shall be such as to secure actual contact 
card, being always delicately balanced | at all times between the cap and the 
on its pivot in the bowl, is in the best) pivot; and, on the other hand, it is de- 
practicable condition for maintaining its | sirable that no greater excess of pressure 


sults. This, however, may, I think, be 
said: that the recent changes in some of 
the details of that process are precisely 
such as, while obtaining a somewhat 
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should be had, beyond the prescribed | that, in consequence of the extremely 
mean limit, than what is actually suffi-| small working pressure of the card, the 
cient to satisfy the first condition. 'wear of the cap and pivot is so small, 

It should be understood that these|even during all the vicissitudes of the 
conditions of the card-pressure at the longest cruise, as not to materially in- 
pivot are alike applicable, or nearly so, crease the friction or diminish the sensi- 
to the ordinary case of the downward bility. In some instances a perceptible 
pressure and to the special case of an up-| wear of the agate in the cap has been ob- 
ward pressure. /served on the return of the compasses 

The relations of these pressures, down-| for @xamination ; but in general the 
ward and upward, to certain specified change is scarcely appreciable. 
temperatures, for a liquid of normal mix-| We have, then, in brief, two signal 
ture, at a pressure of 58 grains at sixty| advantages of the Navy compass in 
degrees, have been noted by Mr. Ritchie, point of sensibility : first, that of the ex- 
as shown in the subjoined table : ‘treme smallness of the moment of fric- 
tion ; and, secondly, that of the propor- 
tionally small liability to change of that 
friction. And the second is scarcely in- 
|ferior in importance to the first. , 

How much should be added, if any- 
thing, for the friction of the liquid in 
‘the cap, is a question which cannot be 
readily answered with the present state 
of our knowledge on this subject. That 
it must be very small, if, indeed, it be an 
(appreciable element in the resistance of 
| friction, appears quite certain, in view of 
such direct observations as I have been 








Pressure at Pivot. 
Temperature 
of liquid 





Downward. Upward. 





Deg. Fah. 











Again, so faras the choice of materials 
for the cap and pivot and the forming 
of the bearing-surfaces are concerned, 
the advantage is still with the Navy 





able to make on the sensibility of these 
com passes. 

In order to illustrate the preceding 
view by the facts of experience, I shall 


compass ; for, inasmuch as the bearing: | first give the results of some recent in- 
ee of the card is so greatly re-| spection-tests for sensibility of a number 
uced, it will be allowable to use still of new Navy compasses received from 
harder materials and more sharply de- the makers. 
fined pivots than would be admissible in| The test for sensibility consists in 
air compasses of the same size, whose | bringing the vertical cross-air of a tele- 
lightest cards seldom fall below fifteen | scope into precise coincidence with a di- 
hundred grains ; and hence it follows vision on the card-circle—as, for exam- 
that not only the mean radius of the | ple, one of the zero-divisions ; then de- 
bearing-surface, but the coefficient of | flecting the card a few degrees* to one 


friction, may be reduced to smaller 
values than they could have with the 
best possible form of air-compass card. 
Accordingly, the moment of friction 
of the Navy compass is materially 
smaller than that of any air compass. 
Thus, without placing any estimate on 
the possible reduction of the two ele- 
ments just named, the pressure alone, as 
compared with that of the lightest air- 
compass card, is not more than one 
twenty-fifth part, while it may bé less 
than one sixtieth part as compared with 
that of the heavier cards. 
And to this must be added the further 
advantage in favor of the Navy compass; 








side by means of a small magnet, and 
allowing it to come to rest, to note the 
angle of set or defect of sensibility. 
The card-divisions are half-degrees ; and 
it is not difficult by means of the tele- 
scope to estimate tenths of a division, or 
twentieths of a degree, and to appreciate 
still smaller parts—as small even as one- 
sixtieth of a degree. 

The tests were actually made by de- 
flecting the card 3°, first to one side and 
then to the other, waiting in each case 
for the card to complete its vibrations 
and come to a perfect rest, before noting 





* The smaller deflections are generally more severe 


! tests than the larger ones. 
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the deviation of the zero-division from 
the cross-air. I thus obtained the fol- 


Of 12 compasses..........ceeeeeeesees eae ee 


Of 1 compass 


Of 1 compass 


It is so seldom that any appreciable 
defect is observed in these tests for sensi- 
bility of the compasses that I am led to 
regard. them, in their normal condition, 
as in this respect practically perfect. 

I think it needs but a single observa- 
tion, with the cross-hair of a telescope 
nicely. adjusted upon a division on one 
of these cards, to be convinced of its ex- 
ceeding delicacy of action. By observ- 
ing in this manner the behaviour of a 
card after being deflected, as it approach- 
es its final position of equilibrium, it 
will be seen to perform a series of mi- 
nute oscillations about that position, so 
small and relatively so slow as to be 
scarcely appreciable by the unaided eye; 
suggesting most conclusively, I think, as 
a indicated on theoretical grounds, 
not only that the resistance of the medium 
at this stage is practically evanescent, 











lowing results, in an examination of 16 
No. 1 or 74-inch Navy compasses : 


an 


Not appreciable. 
Not appreciable. 
Appreciable. 
Not appreciable. 
Not appreciable. 
Appreciable. 
Appreciable. 
Appreciable. 


Error of 3’ W. 
Error of 3’ W. 


00 
-00 


00 + W. 
“00 


8° E. 
3 W. 


00 + W. 
00 + W. 
00 + E. 


05 W. 
0 .05 W. 


of the motive forces acting at such small 
angles should be capable of overcoming 
it. 

It might naturally be asked, after 
what has been said of the Navy com- 
pass, How does the test for sensibility 
result when applied to other compasses ? 
In answer to such a question, I present 
the results of a few observations upon 
compasses of different makers, from the 
collection at the Bureau. With the ex- 
ception of the three Navy compasses, 
they are all imported specimens of Eng- 
lish makers ; partly liquid and partly air 
compasses. None has ever been in ser- 
vice, and all are kept with the cards free- 
ly suspended upon their pivots. 

In making the experiments of the zero 
or N point of each card was first adjust- 
ed to nice coincidence with the east side 
of the lubber-line, and the deflections 


0°. 

0 

0 

0 

0 .00 
0 

0 

0 

0 


but that the friction itself must be ex-| were made with the aid of a small mag- 


tremely small, in order that the moment 


net. 
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(liquid) 


H, 64-inch (air). 
D, No. 308 (air), 
7T-inch. 
W (liquid). 
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Those experiments which are preceded 
by a * were made after having readjust- 
ed the N point of the lubber-line. 

It has not been my purpose, in giving 
these results, to suggest comparisons 
which should be regarded as in the least 
degree invidious ; nothing could be fur- 
ther from my own taste or the temper of 
mind with which these or any similar 





inquiries should be conducted. The 
compasses are of excellent workmanship, | 


my observation, a year or two ago, at 
the Messrs. Ritchie’s in Brookline. One 
of the earliest appliances devised by Mr. 
Ritchie, Senior, for the practical study 
of the behavior of a marine compass, is 
a very effective arrangement for testing 
its steadiness. This apparatus, which 
was erected in the attic story of the 
workshop, consisted of a strong frame- 
work, with moving parts on opposite 
trunnions, so as to admit of giving toa 


as those which I have seen of the well-| projecting head-piece rolling and pitch- 
known London makers generally are ;| ing motions, mingled with occasional se- 
and their deficiencies in this respect are vere jars and shocks of the most exag- 
to be attributed to the inherent defects | gerated kind. He called it his “ model of 
of construction, if, at least, the preced-|a ship”; but a ship could hardly live in 


ing views are accepted ; namely, to the| 
sensibly large moment of friction (as | 
compared with that of the Navy com-| 
pass), and in one or two instances to the 
added defect of insufficient magnet-| 
power, both of which, as we have seen, | 
concurring in the production of an angle | 
of set, or defect of sensibility. 

Thirdly, with respect to steadiness.— 
The Navy compass is hardly less remark- 
able for steadiness than for sensibility. 
For this there are several reasons : 

First. In the elevation of its centre of 
card-suspension, decidedly above both 
the centre of gravity and centre of buoy- 
ancy of the card. 

Secondly. In the distribution of its 
heavy weights, not concentric with the 
centre, in two equal parallel chords, a 
little within the angle of 30 degrees from 
the parallel diameter, thus securing near- 
ly equal moments of inertia about all 

iameters of the card. 

Thirdly. In the use of a liquid-resist- 
ing medium, with the advantages result- 
ing therefrom. 

‘ourthly. In the use of a buoyant 
skeleton-card, adjusted to a very small 
pressure at the pivot, from which result 
the several advantages in favor of steadi- 
ness already enumerated under the gen- 
eral head. 

Fifthly. In the preponderating inertia 
of the liquid mass over its friction against 
the interior surface of the bowl, in con- 
sequence of which any sudden impulse 
given to the latter causes it to slip over 
or round the liquid without communicat- 
ing any sensible motion toit and through 











it to the card. , 
A remarkable illustration of the steadi- | 
ness of the Navy compass came under) 


a sea that would cause such motions. 


I mounted this arrangement on one oc- 
casion with Mr. Ritchie, when we had 
one of the Navy 74-inch compasses and 
one of the 74-inch air compasses of the 
best construction. The two compasses 
were placed side by side on the project- 
ing head-piece, about three feet apart. 
The effect, as seen by us from our more 
elevated position, was sufficiently strik- 
ing. The card of the air compass not 


only would roll and vibrate in the most 


extraordinary manner, but frequently 
spin round and round; while the card of 
the liquid-compass had hardly any appre- 
ciable motion, the only apparent motion 
being a slight swing from left to right, 
and from right to left, and even this was 
synchronous with the alternate motions 
in azimuth of the head-piece on which 
the compasses were placed. Although I 
made no measurements to strictly con- 
firm this impression, I could hardly resist 
the conviction that the small apparent 
motion of the card was in reality due to 
the aetual swing in azimuth of the lub- 
ber-line. It seemed to me, from such a 
test, that the steadiness of the liquid- 
compass might justly be regarded as 
sensibly perfect. 


Before concluding my review of the 
Navy compass, in which I have not hesi- 
tated to set forth with some prominence 
its manifold advantages, I should not 
omit, I think, to mention its defect, not 
as a peculiarity of this compass, but as 
inherent to the construction of all liquid 
compasses. It is the practical difficulty 
in effecting readjustments of the card 
equilibrium, if found necessary for the 
correction of defective horizontality, re- 


. 
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sulting from any considerable changes in 
the magnetic dip. 

This difficulty is simply one of incon- 
venience in opening the bowl to gain ac- 
cess to the card. It is easily enough 
managed by a person accustomed to it, 
with the appliances of the workshop, 
but it is a rather troublesome operation 
under different circumstances. 

At present, the only remedy is the 
provision previously mentioned as one of 
the mechanical conditions of a steady 
eard, namely, that of elevating the 
centre of suspension “ well above” the 
centre of gravity of the card. By this 
means, it is intended to give to the card 
such an excess of stability as to over- 
come its tendency to obey the varying 
vertical component of the earth’s mag- 
netic force in different magnetic latitudes. 
That this provision is sufficient, within 
moderate limits of the change of dip, to 
prevent any appreciable error from de- 
fective horizontality, is, I think, quite 
probable ; but how far it may be relied 
on, under more extreme changes, is a 
question that must be settled by careful 
observations with the opportunities that 
may be furnished by practical experi- 


ence. So far as I am aware, not an in-| 


stance has been reported to the Bureau 
of Navigation, during all the Navy ex- 
perience with this compass of any diffi- 
culty in this particular, or of any appre- 
hended error from this source. 

But, as remarked in another case, 
merely negative evidence (or, in this 
case, the absence of any express refer- 
ence to this matter, in the reports of 
navigating officers) can hardly be ac- 
cepted as conclusive that it is entirely 
safe to neglect this possible source of 
error when sailing in high southern 
latitudes. 

Nevertheless, I apprehend no serious 
difficulty in providing a practical reme- 
dy for this trouble, should it ever be 
deemed necessary or expedient. 

Another objection has sometimes been 
made to this compass, that it is inconveni- 
ent to handle, as a portable instrument, 
on a tripod for observations on shore. 
This I shall dispose of in a word by 
saying that I can conceive of no occasion 
for the use of any marine compass on 
shore, when a good surveying compass, 
costing less than a third as much, 
would not be greatly preferable for con- 


venience in handling, facility of use, and 
precision of results. 


CONCLUSION. 


I had originally intended to include in 

this communication some remarks on the 
several instrumental errors to which the 
marine compass is liable, besides the de- 
\fective sensibility already noticed—er- 
rors essentially of compass-adjustment ; 
and, especially, to have given some ac- 
‘count of the adjustments of the Navy 
compass and of the degree of precision 
actually attained, as shown by ourrecent 
|inspection-tests ; but this must be de- 
ferred to some other occasion. It may 
isuffice to say that I believe the Navy 
compass is susceptible of a high degree 
|of precision, and that it may be furnished 
| to the service in a condition which shall 
be practically perfect in this respect. I 
have said nothing of the azimuth-cirele, 
because the compass itself is what 
claims our first attention; it being 
| wholly fallacious to expect reliable re- 
sults with the use of an azimuth-circle, 
however excellent, upon a compass 
‘which is liable to serious errors of ad- 
justment and of defective sensibility. 

It has doubtless been presumed, from 

the general tenor of what has been said 
|on compass sensibility, that considerable 
‘importance is attached to this as one of 
- the instrumental errors of the compass. 
In reality, I believe its importance can 
scarcely be over estimated. The errors 
‘of adjustment, even when quite large, 
are at least of a fixed character, and, if 
‘once definitely ascertained, may either 
| be disregarded in ordinary cases of set- 
ting courses and in working up, or possi- 
bly allowed for in cases of greater ur- 
gency. It is otherwise with the error 
‘from defective sensibility. This, even 
at the outset, may be sufficiently serious ; 
but, whether more or less so, there can 
be no certainty with air compasses, how- 
ever excellent in workmanship, as to the 
amount of this error a few weeks later 
after a little rough weather at sea. 
| “It is sometimes asked, Of what use is 
all this refinement of an instrument 
(generally concluded to be incapable of 
precision), so long as the navigator is 
unable to profit by it, and when, if he 
could, he is well enough satisfied if he 
can steer his courses to the nearest 
quarter of a point ? 
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To this it may be said that, if we con- in view of the inevitable errors of ob- 
cede the sufficiency of such steering in an servation to which the compass is liable 
open sea (although there might be some under the trying circumstances of its 
who might regard it as hardly close’ use at sea, it should be our object, in the 
enough in these days of “swiftest tran- first place, to insure in the construction 
sit by the shortest route”), how is the of this instrument not only its practi- 
navigator to be certain of doing even cally perfect condition when put on 
that with a compass whose instrumental board ship, but its continuance sensibly 
errors, unknown alike in name and in that condition during at least one 
amount, may be much greater than the | cruise of the ship; and, in the second 
assigned limit to his error of observa- place, to facilitate the determination of 
tion ; and especially when, in addition the magnetic variation and compass 
to the assumed errors of observation and | deviation, considered as compass errors 
the unknwn errors of the instrument, in the reduction to the meridian, and to 
the compass error is further complicated | bring the uncertainties of these determ- 


by the uncertainties of the variation and 
the deviation ? 2 


‘inations within such definite limits as it 
|may be possible to assign with a suffi- 


own conviction is, as the result of | cient knowledge of the circumstruces of 


considerable study of the subject, that, ' 


the case. 





PERIODS OF TRANSITION IN ARCHITECTURAL STYLE; 
AND IS THE PRESENT DAY ONE? 


By Mr. A. PAYNE, A. R. I. B. A. 


From “The Architect.” 


Tue question of style in architecture 
occupies an entirely different position in 
the present day from what it had ever 
occupied before. For instance, in the 
present day we may find in almost every 
city in Europe a street which has perhaps 
a Gothic church, a Greek public build- 
inz, a Renaissance mansion, a Byzantine 
synogogue, and nineteenth century shops, 
all within the space of a few yards. But 
antiquity proves to us that an ancient 
Egyptian built in Egyptian, a Greek in 
Greek, a Gothic builder in Gothic ; and 
why is it that we do not always build in 
the style of the nineteenth century ? And 
what is the style of the nineteenth cen- 
tury? Why did the Romans adopt 
Greek architecture? Why was it aban- 
doned by degrees from the third or fourth 
century at caused so-called Gothic 
architecture to arise? Why did it come 
to a sudden stop in the sixteenth century? 
Why was it revived again in the nine- 
teenth? Where are we in architecture, 
and whither are we going ? 

These are all momentous questions ; 
and the theory which he ventured to 
bring forward to account for these 





changes was as follows :—In all ages the 
arts of mankind form a mirror in which 
we may perceive their intellectual, and 
sometimes even their moral development, 
acted upon and reacted upon by the cir- 
cumstances in which they were placed. 
Thus, wherever a great intellectual de- 
velopment is formed among mankind— 
such a development, for example, as is 

roduced by a new birth of religious 
ideas, there also will be found growing 
up a new style of architecture and a new 
civilization. In applying this theory to 
the history of the world, it might be 
said that the palmy days of Classic art 
were the heroic days of Greece. The 
Greeks possessed a religion of which a 
writer has said that “the life of the Deity 
was blended with all that exists in nat- 
ure, and found its consummation in man.” 
Every human faculty seemed by them to 
have been educated and carried to the 
very highest degree of culture, and in 
nothing did they achieve greater triumph 
than in the arts of sculpture and archi- 
tecture. From the zenith of Greece a 
few centuries take us to another and 
equally extraordinary development of 





TRANSITION IN 


ARCHITECTURE. 413 





Classic civilization—that of Rome—a 
kindred nation, springing from the same 
generic race, and with the same religion 
and the same architecture, but of a very 
different character. The ancient Roman 
despised learning and intellectual culture, 
being content to borrow his literature 
and his arts from the Greeks; he was a 
man of action, and took “ material pow- 
er” for his watchword. And is not this 
character exactly typified in the works 
left by this great people—in the fact that 
they had no distinct architecture of their 
own, but only borrowed and debased 
that of the Greeks, and that all their 
best works were done by Greek artists ? 
By nature the Roman was not an artist, 
he did not believe in imagination, he was 
the engineer of Classic times ; and his 
character isrepresented by those straight 
roads he has left wherever he has spread 
his conquests, or by those gigantic aque- 
ducts running miles away in the broad 
Campagna from the walls of Rome. 

In coming to the dark ages and the 
decline of Rome, it is observed that even 
a superficial glance at the writers of those 
times will show that, alone with the 
breaking up of the imperial power, men’s 
intellectual and religious ideas were in a 
state of confusion, amounting to chaos. 
On the one hand more superstitious rev- 
erence was paid to statues, and cere- 
monies in connection with them, coupled 
with fanatic zeal against misbelievers, 
while on the other hand philosophic 
skepticism prevailed. This state of con- 
fusion was attended bya moral degener- 
acy, and these times were also amongst 
the most fatal to art and civilization ; 
the crumbling away of the good old 
edifice of Classic civilization, art, and 
religion, and the gorgeous grandeur of 
Rome, in the first and second centuries, 
was the prelude to the general decay. 
No sooner has one religion become per- 
verted or unsuited to the age, than a new 
form or development of truth is found 
gradually leavening the world, inspiring 
the minds of men, and spreading far and 
wide its life-giving stream. So it was 
with the rise of the Christian religion, 
which warmed men’s hearts with a high- 
er virtue and self-denial than was ever 
possessed by the ancient Roman, and a 
more poetic imagery than was ever 
known to the ancient Greek. The deeds 
of saints soon took the place of those of 


| gods and heroes, and the beneficent fig- 


ure of Christ blotted out all other repre- 
_sentations of deity. 
| It is not usual to assign the Christian 
|religion as the primary cause of those 
great architectural changes which finally 
transformed the Classic temple and ba- 
silica into a Gothic minster, but the re- 
| searches of ancient writers seem to point 
clearly in this direction. Considerable 
| astonishment would be felt on first look- 
ing oe Count Vogue’s excellent 
work on Early Christian architecture, 
“Syria Centrale,” in the discovery of the 
magnitude of the changes introduced in 
the architecture of buildings erected for 
Christian use so early as the third and 
fourth centuries ; these changes plainly 
foreshadowing the subsequent Medieval 
developments. Count Vogue says that 
'the churches of Central Syria were 
| built on the system of the Pagan basili- 
‘eas of the country. The last, however; 
|are surmounted bya cupola, and present 
already the form of the grand churches 
| of Constantinople.” In fact, if we care- 
fully study the plates in Count Vogue’s 
admirable work, and then turn to Gal- 
zenberg’s Sta. Sophia, and other Byzan- 
tine eer oe the connection is too ob- 
vious to be mistaken, and forms a com- 
plete chain between the Classic examples 
and the last named magnificent church 
erected by the Emperor Justinian, in the 
seventh century. At this time the West 
of Europe was overrun by hordes of bar- 
barians. Rome was in ruins, the seat of 
the empire, and the chief city of the 
world, was Constantinople, so that we 
might well expect to find in it, as is the 
case, the links of the chain which unites 
Classic and Christian art. What were 
the causes which led to these seeds 
springing up in the East beiag trans- 
planted to the West of Europe about the 
tenth and eleventh centuries, and there 
nage such a plentiful harvest in the 
iddle Ages when completely freed from 
their Classic progenitors? Unquestion- 
ably the Crusades. The epoch between 
the seventh and tenth centuries witness- 
ed the consolidation and civilization of 
Western Europe through the agency of 
Christianity. But meanwhile a new 
danger appeared in the East in the tri- 
ump of Mahomed, and the splendid 
military achievements of his followers. 
Everywhere the unbelievers seemed to 
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triumph, and Christendom trembled for 


the fate of the Holy Land. Then fol-| 
lowed the Crusades, and it is impossible | 


Northern Gothic than the South of 
France ; and M. Viollet-le-Duc’s “ Dic- 
tionnaire,” particularly under the article 


not to perceive the immense impetus /“ Architecture,” gives a series of ex- 


given about this time to the arts. 


At | 


amples which form a complete chain be- 


this period we can trace from existing | tween the two styles, the author lucidly 
buildings the streams of architecture as | showing, step by step, how the changes 


they flowed along the mest used routes 
from Syria. Noticing the influences of 
this Byzantine stream as evidenced in 
the planting of a cathedral at Athens, 
and magnificent church of St. Mark at 
Venice, besides other minor churches, 
Mr. Payne remarked that Italy seemed 
also to catch the contagion, and to awake 
from her lethargy, and the Romanesque 
style in its more mature form a?ose, 
evincing a strong blending of the Syrian, 





and Eastern, and Classic elements. The 
style appears to have had its origin some 
centuries earlier at Ravenna, a seaport 
in close connection with the East. But 
in the eleventh century it gathers new | 
impetus, and in the following century it | 
gives birth to a host of noble examples | 
in the northern cities of Italy. There 
was also a stream of this style running 
through the heart of Europe, nearly to 
the shores of the Northern Ocean. From 
the time of the Romans to the present, 
one of the great roadways between Italy 
and the North of Europe has been from 
Milan, over the Splugen Pass, to the 
present Coire, in Switzerland, and then 
down the Rhine to the German Sea. It 
is interesting to watch the stream of 
the Romanesque style running along this 
route, planting a little church at Coire 
among the mountains, a beautiful ex- 
ample in the Cathedral and cloisters of 
Zurich; and studding the banks of the 
Rhine with numerous examples, with the 
round arches and other characteristics of 
the Romanesque and Syrian styles, long 
after the surrounding countries were 
ractising. the pointed style even in its 
ater developments. Indeed, at Aix-la- 
Chapelle, not farfrom this route, we may 
notice Eastern influence as early as the 
eighth century in the round church at 
Charlemagne, which is singularly like 
the churches of Ravenna. The same 
stream of Eastern ideas is perceptible 
on the other shores of thie Mediterranean; 
it plants its mark in Sicily, and finds a 
welcome home in the South of France. 
Probably no country shows more com- 





pletely the steps from Romano Syrian to 


took place, chiefly on account of prob- 
lems to be solved in roofing over gigan- 
tic cathedrals in stone, 2 win after re- 
peated trials, the pointed arch was found 
the only one to answer the purpose. 
About the eleventh century the new 
style, now called Gothic, had fairly taken 
root in the powerful nations of England, 
France and Germany; and from the 
eleventh to the sixteenth centuries may 
be described as the very brightest period 
that has ever appeared for architecture. 
Let us compare the buildings erected 
during that period in our own land and 
those erected since. Look at the num- 
ber of magnificent, cathedrals—many of 
them in progress at the same time, and 
all of consummate art. Look at their 
splendid proportions, and variety of their 
conception, the exquisite beauty of their 
details ; then turn to the countless ab- 


| beys and monasteries, all different from 


the cathedrals, and yet equally beautiful. 
Where can you find two alike, and where 
any instance of tameness or vulgarity ? 
Turn to the other side of the page, and 


isee what has been done since—in the 


three last centuries, far richer, more 
powerful, more scientific, and more able 
to build than those which went before. 
In our religious architecture of this age 
we have St. Paul’s—a very noble build- 
ing, though with scarcely a ia at- 
mosphere, so to speak, about it—but the 
greater part of the page is blotted and 
smeared with an infinite number of tame 


and milk-and-water copies from the works 
of our forefathers—works which, if they 
could be beheld by the architects of 
Canterbury Cathedral or Westminster 
Abbey, would be enough to make them 


shiver in their tombs. But it may be 
said: “This is very bad for your theory; 
you claim a connection between intellec- 
tual and moral development and archi- 
tecture, and yet you endeavor to show 
that this present age of light, which had 
its dawn at the Reformation and the re- 
vival of learning, cannot hold a candle 
in the art of architecture to the dark 
ages of Feudalism.” But are we quite 
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correct in calling those the Dark Ages? 
The great characteristic of modern times 
is an immense development of material 
and physical science ; but is it not pos- 
sible that this exclusive attention to the 
material concerns may be a sign of the 
degeneracy of the age? May not this 
be shown by the immense superiority of 
the architecture of the Middle Ages over 
ours? For we must remember that arch- 
itecture is not engineering, nor a ma- 
terial science, but a fine art which has 
its spring deep in the inner and spiritual 
part of our nature, But is this any rea- 
son why we should endeavor to go back 
again, architecturally speaking, to the 
iddle Ages? Surely not. In the words 
of Longfellow (slightly altered) : 
' We now restore the ancient fane, 

And tower and turret build again ; 

The rest we cannot re-instate ; 

Ourselves we cannot recreate, 

Nor set our souls to the same key, 

Of the remembered harmony. 

Witness how rapidly the Gothic reviv- 
al has run through all the changes back- 
wards from Tudor to Early English, and 
after looking in vain for rest for the sole 
of her foot, is now either taking a dive 
into the abyss called “Queen Anne,” or 
soaring aloft to woo the long-forgotten 
Romanesque. Witness how it chiefly 
obtains in the religious world—a world 
which, one may say, still lives or en- 
deavors to live in the atmosphere of the 
Middle Ages. Witness what modifica- 
tions it requires before adaptation to 
secular buildings. Witness how the 
mass of the people regard it as a thing 
for artists to amuse themselves with, but 
in which the public have no concern ex- 
cept to restrain its vagaries when they 
have to pay for them. No, if their be 
any truth in the theory here advanced 
that architecture and moral and mental 
development keep equal step and go 
hand in hand, we can as soon go back to 
the manners, habits and thoughts of the 
Middle Ages as induce the mass of the 
people to adopt Medieval as national 
architecture. And it of course equally 
follows that we can as soon go back to 
the manners, customs and religion of 
ancient Rome or Greece as adopt their 
architecture as entirely ours in every 
detail. 

It has been said by some that modern 
engineers have taken up the mantle left 





by our Medisval forefathers, and in 
some respects this may be true ; but as 
a rule engineers ignore the chief charac- 
teristic of architecture aS a fine art. All 
honor to the skill and science of those 
men who had produced such stupendous 
works, and so immensely added to our 
convenience in this century. Neverthe- 
less, unless constructors make beauty a 
sine gua non of their works, they are 
not architects properly so called. What 
appears to be wanted is for engineering 
skill and architectural love of beauty to 
act and react upon one another. If many 
architectural designs were submitted to 
the practical views of an engineer and 
then returned to their designer, no doubt 
much benefit would result. Looking at 
the architectural world, we notice con- 
fusion and conflicting ideas in modern 
times as to style ; and looking to the re- 
ligious world, we observe, as we might 
expect, an equal confusion. But it needs 
no prophet’s eye to discern that out of 
chaotic existing elements a glorious pic- 
ture may be preparing. Never before 
have all the lessons of the past been so 
completely laid before the present. Nev- 
er have there been such skillful work- 
men, so many building materials, and 
such power to manipulate them. Yet 
something is wanting. What is that 
something? Firstly, a general love of 
beauty in everything diffused through 
all classes of the community ; and, sec- 
ondly, fresh and original thought brought 
to bear upon the architectural problems 
of the day—not too much trammeled by 
the past—the rejection of all architectu- 
ral features not required by modern 
needs, and the adoption of modern build- 
ing materials, such as iron, in the best 
manner. These are the principles which 
have developed the noble styles of the 
past, and why should they not give birth 
to the yet more noble styles of the 
future ? 





ape 

AccorpinG to the Globe a considerable 
saving in the cost of the fuel supply on 
the China and Australian stations will, 
probably, be effected by the introduction 
of Wollingong coal as a substitute for 
Welsh on board her Majesty’s ships em- 
ployed on the stations named. We hear, 
however, that North country coal will be 
used to mix with the Australian in the 
proportion of one-third. 
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THE EFFECTS OF THE SUN’S ROTATION AND THE MOON’S 
REVOLUTION ON THE EARTH’S MAGNETISM. 
Br J. ALLAN BROUN, F. R. 8. 


From ‘‘ Nature.” 


Wuen the mean horizontal force of 
the earth’s magnetism for each day of 
the year has been deduced from well- 
corrected -observations of the bifilar 
magneto-meter, and the results have 
been projected in the usual way, the 
curves thus obtained show successions of 
maxima and minima occurring in some in- 
stances at nearly equal intervals and in 
others abruptly and apparently without 
law. It has been found that these 
changes are experienced similarly at all 
stations where observatories have been 
placed on the earth’s surface ; they are 
therefore variations of the magnetic 
force of the whole earth. The results 
now considered, though derived from 
the observations at a single station, ma 
thus be accepted as true generally for all 
places. 

In the projection of the daily mean 
forces observed at Makerstoun in 1844, 
the first and last quarters of the year 
showed large oscillations of the earth’s 
magnetic force, the maxima occurring 
near the times of new moon and the 
minima near those of full moon; the 
‘ ranges of the oscillations were not 
equally great, and the oscillation 
disappeared in the months near mid- 
summer. The mean result for the 
whole year seemed to show that 
great changes of the earth’s mag- 
netic force were due to the moon’s 
one relatively to the earth and sun ; 

ut no explanation could be offered for 


the apparent irregularities in the lunar 
action. Eleven years later (in 1857), 


while amt observations made near 
the equator, I became persuaded that 
the variations in question were really 
due to the sun’s rotation on his axis. 
The result of a re-examination of the 
Makerstoun observations gave a mean 
period of nearly twenty-six days for the 
most probable duration of the magnetic 
oscillation. 

Astronemers who till then had occu- 
pied themselves with the determination 
of the time of the solar rotation has found 





for it from 27.3 to 27.7 days. It was 
difficult, in the face of this result, to 
suppose that the magnets were better 
acquainted with the true time of the 
sun’s rotation than the eminent observ- 
ers, who, with the best ere ae had 
watched the. movements of the solar 
spots; and it was suggested that a 
movement of the sun’s magnetic poles 
might explain the difference of the 
periods obtained. More recently, how- 
ever, it has been found that the spots 
give considerably different times for the 
sun’s rotation, and especially that those 
nearest the solar equator indicate, as 
Spoerer has shown, a period of 26.3 
days, thus approaching nearly to that 
obtained previously from the magnetic 
observations. Dr. Hornstein, director 
of the Prague Observatory, discovered, 
independently, nearly the same period 
from his observations in 1870. 

There still remained for explanation 
the irregularities already noticed in the 
length and ranges of single oscillations. 
I, on the reconsideration of all the dis- 
cussions previoulsy made by him, arriv- 
ed some time ago at the conclusion 
that the results obtained for the solar 
and lunar actions did not exclude each 
other, but that both sun and moon were 
concerned in the changes of the earth’s 
magnetic intensity ; and that possibly 
the variations in the character of the 
single oscillations were due to the sun 
and moon sometimes acting in the same 
and sometimes in opposite directions ; 
just as in the case of the oceanic tides, 
for which the differences would be even 
greater were the solar more nearly 
equal to the lunar action. 

This conclusion is put to the test ; the 
mean variations derived from the observa- 
tions for each of two successive years 
are calculated for periods of 26, of 27.3, 
and of 29.53 days, the two latter being 
the times of the lunar, tropical, and 
synodical revolutions respectively. The 
variations for each of these three periods 
corresponding to the positions of the 
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moon and of a given solar meridian for 
each day of the year are then added 
together ; the sums should represent the 
total actions of the two bodies for each 
day, and if no other causes are in ques- 
tion, they should agree with the observ- 
ed variations. 

I have shown that when the calculated | 
results are projected so as to form a red | 
curve, on the same mean line as a black 
curve representing the observations, the 
two agree very nearly with each other 
throughout the two years. The differ- 
ent durations and ranges of single oscil- 
lations, and the total disappearance of 
the latter in certain months, are found to 
be produced, as was supposed, by the 
greater or lesser agreement or opposition 
of the three actions. 

These results demonstrate, I think, 
not only that the sun’s rotation and the 
moon’s revolutions produce variations of 
the earth’s magnetic force, but that all 
the marked variations are really due to 
these causes. 

There appears to be one exception to 
the generality of this conclusion, in sud- 
den great changes, generally diminutions, 
of the earth’s magnetism, which appear 
of variable magnitude and apparently at 
irregular intervals. I have examined 
these cases, and find that if a considera- 
ble diminution of intensity happen sud- 
denly when a given solar meridian is in 
the same plane with the earth, that a 
similar sudden diminution generally oc- 
curs twenty-six days or some multiple 
of twenty six-days after, when the same 
solar meridian and the earth are again in 
the same plane. In one case the sudden 





loss of force begins five times in succes- 


sion at the exact interval of twenty-six 
days. 

f we examine these cases of success- 
ive disturbance when a given solar meri- 
dian arrives opposite the earth, we are 
induced to conclude either that the solar 
action exists only for this position, that 
is to say, that the earth is its cause ; or 
that the action is continuous, but, un- 
like light and heat, is propagated onl 
in one direction (or plane) ; or, whic 
seems more probable, that the medium 
through which these actions are trans- 
mitted proceeds from the sun, is not uni- 
formly distributed around it, nor always 
distributed in the same way. This idea 
may aid in explaining many facts in ter- 
restmial magnetism for which hitherto no 
clue has existed. 


We arrive then at the conclusions that 
the variations of the daily mean magnet- 
ic force are due to causes external to the 
earth, depending on the sun’s and 
moon’s motions ; that all the principal 
variations of this force can be calculated 
approximately for each day in twelve 
months, on the hypothesis that the ac- 
tions of these bodies are constant 
throughout the year for the same posi- 
tions relative to the earth ; and that the 
great magnetic disturbances (accompa- 
nied by the aurora borealis) are due to ac- 
tions proceeding from certain parts of 
the sun’s surface, since so many of them 
repeat themselves at intervals of twenty 
six days, when the same solar point re- 
turns opposite the earth. It appears 
from other investigations that the sun’s 
rotation produces marked effects on our 
atmosphere. 





THE COMBUSTION OF COAL GAS TO PRODUCE HEAT, AND 
THE THEORY OF THE STRUCTURE OF FLAMES. 
By JOHN WALLACE. 
From “ Journal of the Society of Arts.” 


Wuerever heat is required it is 
wanted in a certain definable quantity. 
This quantity is constant for any given 
purpose; that is to say, whether 
the object is heating a building, heating 
or melting metals, cooking, or any of the 
numberless operations to which we apply 

Vor. XIV.—No. 5—27 


it, the same operation, however, often 
repeated under the same conditions, 
requires the same amount of heat. 

The quantity of heat produced in 
order to perform any operation is always 
in excess of that actually required, be- 
cause the whole of it cannot be utilized. 
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Radiation, convection, and absorption 
are all at work to carry off as much as 
possible, and the amount thus lost de- 
pends in a great measure on the method 
we adopt in applying it. This is well 
exemplified in the weight of coal required 
to evaporate 10 lbs. of water in a steam- 
boiler of good, or of bad construction, 
or in the weight of coal used in different 
stoves or fire-places to heat a room of a 
given size. The value of any material 
as fuel depends principally on its free- 
dom from incombustible matter, and the 
facility with which it may be burnt in 
any desired quantity. Coal gas possesses 
these properties in a very high degree, 
and the condition in which it is supplied 
to consumers renders it the best kin@ of 
fuel for every domestic purpose requiring 
heat. 

In many manufactures gas is the only 
fuel suitable for numerous delicate opera- 
tions requiring a certain heat under per- 
fect control ; indeed, the possession of 
such a means of producing heat has 
given rise to numerous thriving indus- 
tries which could not prosper without 
it. 

Ordinary London gas requires to com- 
bine with about 64 times its own volume 
of atmospheric air in order to be com- 
pletely burnt. It will not combine with 
more, but if it gets less, then part of the 
gas which could not find enough of 
oxygen will escape only partially burnt, 
in a condition very injurious to health. 

When completely burnt, a cubic foot 
of gas will produce a definite quantity of 
heat, and although some makers and 
vendors of gas apparatus claim for their 
goods the property of increasing the 
effect I have just indicated, it is no more 
possible to do it than to increase a pint 
of new milk by adding water. " 

The chief points to be observed in 
using coal gas are, consequently—Ist, to 
burn it in the most complete manner ; 
and 2nd, to utilize as much as possible 
of the heat produced. 

There are two methods of burning 
gas to produce heat, each having its own 
merits. In one case the gas is divided 
into a number of small jets exposing a 
very large aggregate surface to the 
action of the atmosphere. In the other 
case air is mixed with the gas before 
burning, so that only a part of the total 
combining quantity of air has to join the 





gas at the surface of the flame. This 
allows the surface to be greatly reduced, 
and the bulk of the flame to be increased, 
and consequently renders it possible to 
burn a greater quantity of gas than be- 
fore in a given space. 

The latter method, which is due to 
Professor Bunsen, is the one almost’ in- 
variably adopted in burning large quan- 
tities. The gas can not only be burnt in 


much less space than formerly, but it 
gives off no smoke, and consequently 
deposits no soot on any surface which it 


— be required to heat. 
light the gas issuing from a tube 
half-an-inch in diameter, and you see a 
long straggling smoky flame. As it is 
only by contact with the atmosphere 
that combustion can be supported, the 
gas has to expose a considerable surface 
to the air in order to get its supply. 
There is a hollow space in this flame ex- 
tending to at legst two-thirds of its 
height and full of gas which can only 
burn when it meets the oxygen. The 
sheath of flame surrounding this hollow 
space represents that part of the gas al- 
ready under the influence of the oxygen, 
and the thickness of the sheath may 
represent the distance to which the oxy- 
gen penetrates before it is completely 
combined with the gas. If a vessel of 
water or other cool substance were 
placed over this flame a coating of soot 
would soon be deposited. But the mo- 
ment I admit air to mix with the gas be- 
low the flame, the flame contracts to at 
least one-sixth of its previous size, the 
illuminating power disappears, and all 
the heat the large flame gave out is now 
produced bythesmaller one. This flame 
deposits no soot, but on the contrary, 
will burn it off a coated surface. 
Returning to the smoky flame, I coat 
a piece of tinplate with solid carbon 
which has suddenly beenchanged from 
the invisible and gaseous form into a 
wonderfully fine black powder; and 
now admitting the air, the flame shrinks 
and intensifies, the carbon is again 
transformed, and is now carbonic acid 
as. 
‘ Bunsen, or atmospheric burners, no 
matter what their form may be, all 
possess certain essential parts in com- 
mon. There is a gas-jet orifice, and, in 
close proximity, one or more air open- 
ings. There is achamber where the gas 
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and air mix, and there is an outlet where | the air openings at the base of the tube 
the mixture burns. ‘are fully open, and the gas may be turn- 

Here is the simplest known form of |ed up and down within wide limits with 
Bunsen burner. It consists of a straight | perfect safety. In this case the surfaces 
upright tube with a gas-jet orifice at the | against which the gas passes give it a 
bottom and holes at each side of the jet,| rolling or eddying movement which 
through which air is drawn by the in-| thoroughly mixes the gas and air before 
ductive force of the gas. On removing | they reach the flame. A mass of loosely 
the tube and lighting the jet the gas| twisted wire will produce nearly the same 
burns in a long pencil from the orifice, | effect, but it reduces too much the ve- 





but, when the tube or mixing chamber is 
put on, the gas must burn-at the top. 

If the gas should light inside, then 
combustion is interfered with, and par- 
tially burnt gas begins to escape, pro- 
ducing that sickening smell which has 
brought the Bunsen burner so often into 


| locity of the current. 

Another, and a more complete method 
employed to adjust the proportion of air 
is exemplified in the “ cam ” burner. 

At the base of the tube is a gas cock, 
having an eccentric fixed on the plug or 

'key, which lifts the air slide in such a 


disrepute. The Patent office bears wit- manner as to adjust the gas and air at 
ness to scores of inventions devised to|one movement. The curves on the cam 
obviate this defect, and it is my purpose | or eccentric are so made that on one side 
to exhibit to you several forms of appara- | the maximum amount of air is admitted, 
tus designed to avoid this most incon-| producing an oxydizing flame, while on 
venient tendency. ‘the other side the curve allows a less 

I shall now direct your attention to | amount of air, producing a deoxydizing 


the appearance of the fiame, asit is in all flame. By quickly reversing the cock, 
cases an unfailing’ index of the value of | the air slide is closed, and pure gas burns 
the burner for practical purposes. Not|at the top of the tube. In addition to 
only must the proper proportion of air/this, the burner tube is hinged so as to 


be mixed with the gas, it must be mixed |incline to any angle, making on the 
intimately, otherwise the flame will be whole a very useful laboratory burner. 

irregular, produce a roaring noise, and To illustrate the intensity of the heat 
be liable to light within on a slight|of the flame, I shall expose to it a piece 


change of pressure. The roaring appears 
to be caused by certain parts of the 
column of gas and air having explosive 
proportions which ignite and burn more 
readily than the rest. These explosions 
are so rapid as sometimes to produce a 
musical note. This irregular mixture 


may be cured in the common burner by | 


lengthening the tube and by other 
methods. 

Here is a burner one inch in diameter, 
with a flame which shows all the peculi- 
arities of good combustion. The flame 
has a hollow space within represented 
by a most brilliant emerald green cone 
resting on the tube. Above and around 
this is a clear amber colored flame. The 
cone has a sparkling irregular surface, 
and the flame shows a strong disposition 
to “light down,” indicating an imperfect 
mixture of air and gas inthe tube. To 
render the admixture more complete I 
shall put into the tube a piece of sheet 
metal folded in such a manner as to di- 
vide the tube into several flat passages. 
The flame is now quite steady, although 


|of stout copper wire. It becomes rapid- 
ly red hot, then a pale golden color, and 
now it has fallen in molten drops into 
‘the vessel of water placed below the 
‘flame. Copper is estimated to melt at 
2,245° F. 

It isnot always convenient to use a 
burner of this description, because if the 
pressure were to be suddenly lowered 
independent of the gas cock and cam, 
it would light down and cause the usual 
nuisance. 

In order to have a burner which shall 
be absolutely safe and reliable under all 
variations of pressure and quality of gas, 
another form of burner must be used, of 
a class represented by the tangent 
burner. 

It consists of a circular chamber, into 
which the jet of gas enters at a tangent, 
drawing with it the air necessary for pre- 
admixture. The compound eddies round 
the chamber escaping finally at the tube 
a perfect mixture. A diaphragm of 
wire gauze below the tube prevents the 





flame from getting into the chamber, 
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and a covering of the same material pro- 
tects the jet orifice of the gas. 

This burner may be made of various 
sizes, of which I have here an example 
with twelve flames. 


It is now time to inquire how much air 
is mixed with the gas previous to combus- 
tion. The Tables I. and II. contain the 
desired information. They were made 


upon Newcastle coal gas, combining with 


ExPERIMENTS ON THE Proportion oF Gas anp Arr, Mixep Previous TO 
ComsusTion, In WALLACE’s BuRNER. 


Tase I1.—Pressure of Gas and Air siz-tenths of an inch. 





Height of 


Experiments. Inner Cone. 


Volume of Gas Volume of Air 


Height of 
per Hour. per Hour. 


Outer Flame. 





Inches. 
.29 
1.00 

1.55* 





6.00 
6.00 
5.82 








| 
Cubic feet. | 





TasLe I1.—Pressure of Gas and Air fifteen-tenths of an inch. 





Height of 
Inner Cone. 


Volume of Gas 
per Hour. 


Volume of Air 


Height of 
per Hour. 


Outer Flame. 





Inches. 
55 


1.00 
2.40* 





Cubic feet. 
12.72 
10.92 

6.96 


Inches. 
3.30 
3.30 
4.30 


Cubic feet. 
8 84 


8.88 
9.00 














about 64 volumes of air, and as the same 
coal is used to make London gas, they 
will serve to represent the results of 
burning London gas under the same cir- 
cumstances. They show how much air 
may safely be mixed previous to combus- 
tion in a burner of a given size. 

The burner used for this purpose had 
a tube seven-sixteenths of an inch inside 
diameter. The consumption of gas was 
maintained as nearly uniform as possible. 

The tables indicate the changes in the 
appearance of the flames as the pre-ad- 
mixture of air varied. The result show- 
ed that one and a half volumes of air 
was the maximum limit of preadmixture 
with a seven-sixteenth inch burner ; if 
the air exceeded that amount, the flame 
would go down the tube and burn. with- 
in. If, on the other hand, less than 65 
per cent. of air were mixed previous to 
combustion, the flame began to burn im- 
perfectly and deposit soot. There must 
always exist a certain proportion between 





* Cone almost imperceptible, with short white tail. 





the diameter of a burner tube, ‘the 
quantity of gas passing through it, and 
the quantity of air mixed with the gas. 
A well-made burner will be equally 
efficient with gas at all pressures, from 
three-eighths of an inch up to any number 
of feet on a water column ; and it is 
difficult to say how much gas may be 
burned through one tube. We have al- 
ready observed that as the pre-admix- 
ture of air increases, the flame becomes 
smaller and more intense. Bearing in 
mind, then, that the nearer a substance 
to be heated is placed to the source of 
heat, the more rapidly the heat passes 
into it, we find that a vessel of water 
may be placed nearer the centre of the 
flame without interfering with combus- 
tion. There is also less risk of the flame 
being fouled in its own products when 
the amount of air it takes up while 
burning is reduced to a minimum. 

In Table III. are the results of three 
trials made with the illuminating burner 
against the Bunsen burner. A vessel of 
tin-plate, containing one pint of water, 
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was placed over an illuminating burner 
of the batswing form at a height above 


the best position. The same vessel and 
quantity of water were placed over the 


the flames chosen out of three trials at | Bunsen burner with like precautions : 


Taste III.— Gas burning at the rate of 4.5 cubic feet per hour. 





Third. Average. 


Experiments. 


First. | Second. 





min. sec, 
12.45 
9.32 


min. sec, 
12.43 
9.32 


12.45 


Batswing 
9.32 


] 
| 
min. sec. 
Bunsen | 








The results of this experiment serve to| usual principle of construction, gives the 
confirm what has just been stated. With|most remarkable results. Instead of 
gas burning in both cases at the rate of | regulating the admission of air from be- 
four and a-half cubic feet per hour, the low by partially closing the air orifices, 
water was boiled in 9 minutes 32 seconds | it is done at the top by back pressure. 

by the Bunsen burner, whereas the bats-| A cap of perforated metallic plate is 
wing required 12 minutes 45 seconds. | fitted over the top of the burner tube 
The balance in favor of the former is, | and made to slide up and down, so as to 


therefore, 3 minutes 13 seconds, or 25 
per cent. As the diameter of the Bunsen 
burner is increased it becomes more and 
more difficult to obtain a good and 
steady flame. Increase of length gives 
the air and gas more time to mix and 
produce a regular flame, but the slight- 
est disturbance causes it to strike down. 
The experiment with the folded plate 
and the twisted wire as slight obstruc- 
tions made a certain improvement, but 
could not be called a complete remedy. 
The rose top is the best known appliance, 
but when made of large size the combus- 
tion in the interior of the flame becomes 
imperfect, and, after all, it will not bear 
turning low without striking down. An- 
other necessary condition also presents 
itself, increasing the difficulty of obtain- 
ing a good large flame. The proportion 
of air mixed previous to combustion 
must be greatly augmented because, the 
surface of the flame (which takes up the 
remainder of the air to render combus- 


adjust the number of openings through 
'which the air and gas are to escape into 
the flame. The cap offers more or less 
impediment to the upward passage of 
the gas, and thus controls and regulates 
‘its power of drawing in air at the bot- 
‘tom. This burner has been found capa- 
‘ble of burning every kind of coal gas 
|with equal facility. When lit, and ad- 
justed to the maximum amount of air,’ 
‘the cap is studded with brilliant green 
beads forming the base of the flame ; 
each bead corresponding with one of the 
perforations, while above you see a flame 
which is solid to the centre, and without 
that hollow inner space which has hith- 
erto been considered a peculiar feature 
of all round flames. 

A piece of fine wire put across the 
flame close to the cap is incandescent 
along the whole length enveloped in the 
flame coming from a burner two inches 
in diameter, and consuming ae feet of 
}gas per hour. When I partially close 





tion, complete) does not increase in the| the air openings, a hollow conical space 
same ratio as the volume of the flame. |immediately appears in the flame, and 
If the flame be long and straggling, al-|the wire cools to blackness. On again 
though giving off no unburnt products, | admitting the air the wire becomes im- 
it will certainly deposit soot when ap-| mediately incandescent, and the flame is 
plied to the cold surface of a vessel of solid as before. In order to make the 
water ; it therefore becomes a matter of | appearance of the beads more distinct, I 
the greatest importance, that the burn-|shall use a cap, with much coarser per- 
er be of a form that is free from the forations, which, if carefully lighted, 
risk of striking back when lighted. To! makes a flame of marvellous beauty. 
meet this difficulty the perforated cap | The cap is now studded with an array of 
has been devised, which by reversing the gems whose brilliancy would pale that 
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of the brightest emeralds. Their color 
is entirely on the surface, for they are 
hollow, and filled with the unburnt mix- 
ture of air and gas, and they fade and 
merge into each other on the slightest 
interruption of the air supply at the base 
of the tube. 

These experiments all indicate that a 
great increase must have taken place in 
the amount of air mixed previous to 
combustion. This supposition has al- 
ready been confirmed by measurement, 
proving that a burner two inches in di- 
ameter will burn safely a mixture con- 
taining 4.6 volumes of air per volume 
of gas. . 

Spectrum analysis has not yet thrown 
much light on the peculiarities of this 
flame. The carbon lines are exceedingly 
brilliant in the spectrum of the green 
beads, but the condition of combustion 
indicated is not clearly defined. It was 
at first thought possible that the in- 
creased temperature of the flame might 
cause a combination with the nitrogen 
of the atmosphere mixed with the gas, 
but a mixture of pure oxygen and coal 
gas gave the same spectrum as before, 
so that the nitrogen may be supposed to 


pass through it unaffected. 

The application of coal gas to cooking 
seems to have had a fair amount of atten- 
tion from competent men, and good and 
useful apparatus are easily obtainable ; 
but it is otherwise with the gas stove, 
which shows scarcely any improvement 


for the past twenty years. It has been 
much ornamented, and that is all. The 
largest burner put in the smallest case 
that will hold it without becoming too 
hot seems to be the ne plus ultra of a 
gas stove. If a chimney is used, it is 
put at the hottest part of the stove case, 
so as to carry off the heat as well as the 
products of combustion, or still worse, 
the burner is put in a common fireplace, 
and at least seven-eighths of the heat go 
up the chimney. There is no more ex- 
travagant method of using gas than this. 

Every one who has seen the coal stove 
in use on the Continent must be aware 
that its great heating power is due to a 
large radiating surface, and nothing else 
than a large radiating surface would 
give such a result. The same rule ap- 
plies to the gas stove, which should be 
at least six feet high, and so arranged 
internally that the products of combus- 





tion should pass over the whole surface 
before escaping. The diagram shown 
represents a section of a gas.stove six 
feet high and fifteen inches diameter, 
with a partition dividing it into two 
parts from the bottom to within six 
inches of the top. The products of com- 
bustion from the burner, pass up to the 
top of the division, and then down the 
other division, escaping on a level with 
the burner, after having traveled nearly 
twelve feet over a thin iron plate form- 
ing the radiating surface of the stove. 
The hot spent gases not only pass over a 
large heating surface, but they travel 
slowly, allowing the greatest time for 
the heat to pass through. 

The speed of the draught (being regu- 
lated by the difference of temperature of 
the two columns) is always in proportion 
to the amount of gas being burnt, and 
the result is a balanced draught which 
never requires the control of a damper. 

Let me show*you by experiment the 
advantage of this arrangement. 

A syphon of stove piping represents 
the stove case with its two divisions, and 
a small burner is placed below one end. 
The products of combustion pass up one 
half of the syphon and down the other, 
escaping at the level of the burner. To 
render this apparent I pass some smoke 
up from beside the burner, and you 
presently see it emerge at the outlet, 
showing that there is a continuous cur- 
rent through. The products of combus- 
tion are losing heat through the sides of 
the pipe as they travel along it, and the 
thermometers fixed half way along, and 
at the end, will give us an idea of the 
rate of radiation. The thermometer at 
the bend of the syphon stands at 220 
degrees Fahrenheit, and that at the 
bottom or outlet indicates 95 degrees 
Fahrenheit, so the difference between 
these two temperatures represents what 
would be the loss from a gas stove, 
if the chimney were put at the top in- 
stead of at the bottom, and shows the 
absurdity of placing the outlet at the 
top. 

The disposal of the products of com- 
bustion is the next matter for attention, 
for, although, they may be carefully 
turned into a chimney, they may be un- 
able to ascend by reason of down 
draughts. This difficulty often occurs 
in heating conservatories having low 
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chimneys, and situated frequently in 
places where the force of the wind ac- 
cumulates. There is the risk of extin- 


guishing the gas which may afterwards | 
escape, causing serious risk of explosion, | 
and there is also the danger of having 
the products of combustion blown in) 
among the plants, which would soon kill | 


them. 


The problem then is, how to prevent | 
the down draught without closing the 
chimney, and thereby arresting the pro-| 


ducts. 

The disturbing force of the wind 
down the chimney must be met by an- 
other equal force acting at the same time 
in an opposite direction. These two 
forces will meet and neutralize each 


other, and the products will continue to. 


escape, as in calm weather. 
I shall again have recourse to experi- 
ment, to show how this may be done. 
Here is a box representing the stove 
ease, which is placed below the syphon 


pipe. 
tube supplying air to the flame. 


outlet of the syphon is extended so as to 
terminate close to the air supply tube. 


Both these tubes open in the same direc- 
tion, and the orifices may be at any dis- | 


tance from the burner. We have now 


the outlet and inlet terminating so near- | 


ly together as to receive the force of the 
wind at the same time, and, although I 
make a violent current of air pass against 
these openings, you see through the 
glass window of the box that the flame 
suffers no material disturbance. 

A gas heating stove cannot be said to 


A flame burns in the box, which | 
is air-tight with the exception of a small | 
The | 


can easily accumulate sufficient force to 
close or open the gas orifice of a stove. 

The second diagram is intended to 
show how this may be put into practice, 
and such a regulator will work on a dif- 
ference of two degrees Fahr., lighting, 
adjusting, or extinguishing the Sense 
as heat may be required, for weeks or 
| months together. 

The mode of action is as follows :—A 
thin copper cylinder of a certain capaci- 
ty contains the air which is to regulate 
the gas by its expansion. This vessel is 

painted a dead black to render it the 
more susceptible to absorption or radia- 
tion of heat, and it has on it a small 
valve, the purpose of which will present- 
ly be described. A small pipe leads 
from the expansion chamber to one end 
of an invented syphon, containing mer- 
eury. The other end of the syphon has 
within it a tube suspended over the mer- 
‘cury, with its mouth at about one-eighth 
of an inch from the surface. 

The gas to be burnt enters the cup at 
one side, and passes over the surface of 
the mercury into the central tube, up 
which it passes on its way to the burner 
in the direction of the arrows. In addi- 
tion to this a tube takes a supply of gas 
to a small flame burning constantly be- 
side the burner. As the air is confined 
in the vessel, the tube, and the cup, any 
increase of volume will depress the mer- 
cury in the cup, raise the level in the 
tube, and decrease the space below the 
|central tube by which the gas escapes to 
| the burner ; and if the air continues to 
/expand, it will close it completely and 
cut off the gas. Then the surface of the 


be complete until it is fitted with an| mercury around the centre tube is acted 
automatic regulator, which will only al-| on by the pressure of the gas while the 
low the gas to be burnt at such times | surface within the tube is free, so the 
and in such quantity as will insure the |mercury within rises to a height propor- 
desired temperature. _tionate to the pressure of the gas. 

I shall néw show you an apparatus de-; When the mercury begins to fall by 
signed for this purpose, which owes its| reason of the cooling of the air in the 
movement to the expansion and contrac- | expansion chamber, it still retains a 
tion of air confined in a closed vessel. higher level within the centre tube until 
Air is remarkable for the small amount its gravity overcomes the pressure of 
of heat requisite to change its volume. the gas, when it falls clear of the tube, 
An increase of one degree Fahr. will ex- | allowing a free rush of gas to ignite the 
pand 491 cubic feet of air into 492 cubic burner immediately by the aid of the 
feet; and, if it is not allowed to expand, | constant flame. All that is necessary to 
by being confined, it will exert a press-| set this regulator is to open the valve in 
ure equal to a column of mercury one-| the expansion chamber, and light the 
sixteenth of an inch in height. A differ- burner. When the desired temperature 
ence of a very few degrees, therefore,\is obtained, the valve must be closed, 
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and a sampl i i | i i ity 

ple, as it were, of air at the | contains 3,234 times the quantity of heat 
desired temperature is shut up in the ex-| which an equal bulk of air contains at 
pansion chamber. Any alteration of |the same sensible temperature, it will be 
temperature outside the chamber will af-| evident that very little of the gas heat 
fect the volume of the air within, caus- is going to waste. 
ing a corresponding adjustment of the, No real progress can be made in the 
gas. If the gas were turned slowly on | application of gas to heating until the 





and off, there would be an escape each 
time it was lit and extinguished, but in 
this case the supply and cut off are sud- 
den, while the adjustment is gradual. 

With an apparatus of this kind a con- 
servatory, for instance, may be heated 
with the greatest nicety. As sure as the 
thermometer falls below a given point, 
the gas will be turned on and lighted, 
and when the sun affords sufficient 
warmth, it will be extinguished until the 
temperature falls again. 

That absence of sufficient heating sur- 
face, which has already been noticed in 
speaking of the ordinary gas stove, is 
equally remarkable in most of the hot 
water apparatus, where gas is the fuel 
used. ‘Twenty-four inches is the maxi- 
mum distance the heat is allowed to 
travel in contact with the boiler, and 
from eight to ten inches may be regard- 
ed as a fair average distance when speak- 


ing of the small apparatus of which the 


greatest number are sold. Is it any 
wonder that gas heating has been tried 
and condemned a hundred, nay, a thou- 
sand times ; or that the public at large 
should be thoroughly satisfied that it has 
in it no element of true success. 

I know of only one manufacturer 
whose hot-water apparatus shows any 
sign of thorough appreciation of the 
fuel he has to deal with. The apparatus 
is shown on diagram No. 3, which has 
been kindly lent by the inventor, Mr. 
Ezard, of Bradford, near Manchester. 

The diagram represents a double range 
of hot-water pipes attached to a small 
boiler under which the burner is placed. 
Instead of carrying the chimney away 
from the top of the boiler, it is made to 
pass along the upper range of pipes, 
emerging at the return bend. 

You will at once see how greatly the 
heating surface is increased, and this is 
not the only important advantage gain- 
ed. The time of contact is extended in 
proportion, and the result is that the 
product of combustion escape at a tem- 
perature only slightly above that of the 
water. When we remember that water 


following facts are fully recognized. 
No apparatus made to burn coal fuel is 
fit to be used for gas fuel, the condition 
necessary to insure good combustion 
being totally different. Gas fuel requires 
a large heating surface, and a very slow 
chimney draught, barely enough, in fact, 
to carry off the product; and this 
draught must not be disturbed. 

Gas at 3s. 9d. per thousand feet costs 
1$d. per Ilb., and yet it is now well 
known that cooking may be done with 
it not only better but more cheaply than 
with coal. 

I shall now proceed to make a com- 
‘parison betweer gas and coal as fuel for 
heating, and the figures will require very 
little to be added by way of comment. 

Let us assume, as a basis, that coal 
|eosts the user 26s. per ton, and gas at 
3s. 9d. per thousand feet in London, and 
on these data examine the cost of ob- 
taining an equal amount of heat from 
the two substances. 

In 1866, Dr. Letheby and Mr. F. J. 
Evans demonstrated that 1 Ib. of coal 
completely burnt would produce the 
|Same amount of heat as 13 cubic feet of 
| coal gas. 
| From the estimates of Dr. Neil Ar- 
/nott, Mr. Edwards, author of “Our Do- 
|mestic Fireplaces,” and other authorities 





on this question of the heat utilized for 


heating a chamber by burning coal in a 
common open fireplace, it appears that 
on an average, one-eighth or 13 per 
cent. of the total heat of the coal is 
really available for the desired purpose. 
Eight pounds of coal would, therefore, 
be required to produce as much heat in 
a room as would be given off from a 
three-light chandelier burning 13 cubic 
feet of gas in one hour. 

Their relative prices would be as fol- 
lows : 


8 lbs. of coal at 26s per ton 
13 cubic feet of gas at 3s. 9d. per 1,000. 


Difference 





In other words, the cost of the same 
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amount of heat in the two cases would | 
be as 11d. to 64d., which is tantamount | 
to saying that the coal heat costs 90 per 
cent. more than gas heat. As it is not 
wholesome to allow the products of com- | 
bustion from a gas stove to escape into 
a room, a liberal sacrifice might be made 
to get rid of them by means of a chim- 
ney, without bringing up the cost of the 
gas to that of the coal. 





There are certainly many methods of 
using coal which render it more econ- 
omical than gas, but most of them are ex- 





pensive to apply, and none possesses all 
the advantages of gas fuel. If the fig- 
ures just quoted are to be relied on, gas 
is no longer to be regarded as a luxury | 
for the wealthy alone. The poorest | 
classes have generally the worst con-| 
structed fireplaces as regards heating | 


power, and buying their coal in small | 


quantities, they pay a higher price for it | 
than do those who buy by the ton. It! 
should be an inducement to-the public to | 


impossible nor even improbable that at 
no very distant date coal or other gas 
may almost entirely supersede the fuel | 
at present used in the dwellings of all | 
our large towns. 

There is one other application of gas 
heat to which it will on the present oc- 
casion be possible only to refer briefly. 
It is the raising of steam to drive small 


engines of not more than four horse- | 


power. The demand for engines of this 
class is already very great, and a good 
substitute for the coal furnace is much 
needed, not only because it affects the 
insurance of a building, but also because | 
a small fire requires much more vigilant | 
attention than a larger one. There are 
already many gas-heated boilers in Lon- 
don and elsewhere, but they appear to be | 
all constructed after the pattern of the 
coal-fired boiler, and the inevitable con- 
sequence must be a considerable waste of 
gas. The rules already detailed for the. 
construction of heating apparatus apply 
equally to steam boilers. There must be | 
the balanced draught, the large heating 
surface, and the greatest possible distance 
for the heat to travel before leaving the 
boiler. There must also be high steam 


complete combustion. 


pressure, and an automatic regulating 
valve on the gas-pipe, actuated by the 
boiler pressure, so as to turn the gas 
down as soon as the steam approaches 
the blowing off point, and thus use fuel 
only as the rate power is required. 


Such a boiler is already in the hands 
of a well-known firm of engineers, who 
intend to manufacture it in conjunction 
with small sizes of the already famous 
Willan three-cylinder engine. Results 
of the most satisfactory character have 
confirmed the experiments already made, 
and an exceedingly useful and compact 
apparatus may be expected. 


There are various facts among the 
foregoing remarks which, if summarized, 
may lead to some useful conclusions re- 
garding the constitution of the solid 
flame. Let us take the well-known Bun- 
sen flame as a basis of comparison, 
There is the conical space within the 
flame, then a sheath or envelope of flame 


know that the use of gas in the daytime described by Faraday as the zone of 


is more likely than anything else to re- | 
duce the price of it by giving uniform 
and complete employment for the ap- 
paratus at the gasworks, and it is neither 


partial combustion, and outside of all a 
second sheath or envelope, the zone of 
Although air has 
been mixed with the gas before it reach- 
ed the flame, it is not sufficient to render 
the gas combustible. The mixture of 
air and gas ignites first around the edge 


|of the tube, because there it meets the 


oxygen most readily, but the centre of 
the rising column of gas and air has to 
travel to the top of the hollow cone be- 
fore it can meet the oxygen of the air, 
which rushes into, and combines with, 
the flame, with extraordinary rapidity. 
The thickness of the flame surrounding 
the hollow cone represents the distance 
the oxygen travels before it is combined 
with the gas, previous to escaping up- 
wards as carbonic acid at a temperature 
which greatly increases its volume. 
Part of the oxygen is arrested in the 
outer sheath or zone of perfect combus- 
tion, and part presumably passes into 
the zone of partial combustion, producing 
a carbonic oxyde flame, which, as its 


/material passes into the outer part, re- 


ceives its complement of oxygen, and be- 
comes carbonic acid. 

It has already been observed that 
small flames require less air pre-admixed 
than large ones; this is due to the 
greater surface which they present to the 
air in proportion to their bulk. The 
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oxygen has consequently a less distance | separate flames, as the beads have no 
to travel into them. separate supplies of air; besides, a solid 
In Table No. 1, a 7-16th of an inch /| flame can be produced without the per- 
burner would only bear 14 volumes pre-/|forated cap, by making a sufficiently in- 
admixed before becoming solid, whereas | timate mixture of the air and gas, as in 
a 2 inch burner would require a mixture the case of the smaller flame. Since the 
of 4.6 volumes to solidify it. If the | green beads are so uniform in size and 
small burner received more than 14)| color, we may reasonably conclude that 
volumes, the flame immediately descend-|they are burning under the same con- 
ed and burned within the tube, its po-| ditions, and one of these conditions is 
sition in the tube depending on the ex-| that the two and a quarter volumes of 
cess of the pre-admixture. Before the| air necessary to combustion of the gas 
flame descended, it exhibited the bright| must pass to the very centre of the 
green film across its base, indicating the | flame, giving every bead a uniform and 
best state of combustion, and it retained | equal supply. 
the green film even when burning half} It wold be interesting to learn whether 
way down the tube. the nitrogen of the two and a quarter 
Now, when-we remember that it re-| volumes of air accompanies the oxygen 
quires nearly 64 volumes of air to con-| into the flame, or whether it is partially 
sume the gas completely, it is evident |or wholly dissociated before combining. 
that the amount pre-admixed is not} The subject has been treated through- 
enough even to produce a carbonic oxyde | out from the point of view of an engi- 
flame, which requires just one half of the | neer rather than that of a chemist, and 
total amount. If, then, the combustion | more with a.view to getting at the sim- 





is complete, the flame must receive its| plest and best modes of burning coal 
complement of oxygen through the top| gas rather than of analyzing the phe- 
of the tube, making its way through and | nomena of combustion. 


against the current of products of com-| 
bustion, whose velocity is increased by | 


expansion into six or seven times their 
original volume. 

Leaving the small flame, let us turn to 
the large one. The primary conditions 
are here very different. In the first 
place it has only one tenth part of the 
surface in proportion to its bulk that the 





small flame has ; and in the second, the 
amount of air pre-admixed is 4.6} 


volumes, or about 40 per cent. more | 


The work of the chemist has been a 
good deal limited by the apparatus with 
which he has experimented ; and it is 
with a hope that an improved form of 
burner may assist in the further analysis 
of a most important subject, that the 
matter has been brought before you. 


——egpe————_- 
Tue sewage difficulty in the large 


towns in the United States is apparently 
becoming urgent. The drainage of a 


than that necessary to produce a carbonic | large city like New York cannot be pour- 
oxyde flame. The flame is perfectly|ed with impunity even into an estuary 
solid, from the green beads where it/ almost filled with sea water, and the ebb 
commences, up to the top. There is no|and flow of the tide spreads the solid 
apparent difference in the temperature refuse that pours out of the sewers over 
of the flame from the centre to the out-|a radius of nearly twenty miles. Look- 
side, and the green beads (those most} ing forward to the probable increase of 
delicate indexes of any change in the|the city and the certain increase of the 
proportion of oxygen in any part), are | nuisance from sewage, it is now propos- 
exactly the same in color and size at the | ed to intercept the whole contents of the 
centre as at the outeredge. The platina| drains and carry them out to the sandy 
wire when suddenly placed across the| grounds of Navesink, where they will 
flame heats apparently at the same rate | be filtered and made to produce, possibly, 
in every part immersed, so there is much|a good proportion of the animal con- 
reason to suppose that this is a carbonic | sumption of vegetables. A company 
acid flame having neither the zone of no undertakes to do all this gratis, provided 
combustion nor that of partial combus-| only that the privilege to make use of 
tion. the sewage shall be given to it in per- 


It must not be regarded as a group of | petuity. 
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BRITISH IRON TRADE ASSOCIATION. 
Inavgural Address of fhe President, Mr. G. T. CLARK. 


GENTLEMEN: You have done me the|had, and it may be feared, is still des- 
honor of electing me as the President of | tined to have, a larger experience than 
our Association, and I am instructed | falls to the lot of other trades, of the 
that it is my duty, as it will be that of | modern difficulty, known as a “strike,” 
future Presidents, to commence their| which bears to the general prosperity of 
term of office by an Address. a trade very much the relation, whether 

He who finds himself in such a posi- for evil or for good, which is borne by 
tion naturally looks back to see what|war towards prosperity in general. 
view his predecessors have taken of their | For these reasons the Iron Trade Asso- 
duty, and, according to his taste or tem-| ciation claims to take a very forward 
perament, will either follow suit, or at-| place among the industrial representa- 
tempt to strike out something new. tions of our country, and it will be for 
But I, unfortunately, preside over a new | those, whom I have the honor to address, 
Association, and have, therefore, no in-| or who may afterwards become its mem- 
dications what to avoid or what to fol-| bers, by their contributions to its dis- 
low. The channel I have to navigate is| cussions or its transactions, to establish 
not as yet buoyed out. I have no skill- the position which it aspires to take up, 
ful predecessor by whose wake I can/|and to do justice to the vast mechanical, 
steer safely through the narrows, nor are | industrial, and commercial interests, of 
there as yet any wrecks on either hand | which, with the Iron and Steel Institute, 
to show where shoals or rocks may lie. | it is the representative. 

Under such circumstances, I cannot af-| Iron, if not the metal of highest 
ford to be ambitious, and therefore pro-| price, has ever been that of the greatest 
pose to confine myself to the humble but value; that of which the world could 


necessary duty of setting forth, as best | least afford to be deprived ; and it has 


I may, what, as it seems to me, should played a more important part than an 

be the aims and objects of the Associa-| other mere material agent in the civili- 
tion. Our Association is composed of | zation of mankind. And if this be true 
men who are largely concerned in and of the earlier and the middle periods of 
represent, what is not only one of the/the history of the world, it is still more 
greatest branches of British industry, | remarkably so of the age in which we 
wielding an enormous capital, and giving | live, when the employment of iron in 
employment, directly and indirectly, to| railways, in the fabric of ships, in 
hundreds of thousands of persons, but is| bridge building, in floating docks, and 
also one which does not depend entirely | for other purposes of construction, es- 
or principally for its raw material upon | pecially in large public buildings, has in- 
foreign countries, and which, therefore, | creased its production in a very marvel- 
is less liable than some others to be|ous manner, and has combined with 
affected by war or external disturbances, | other means, also of rapid growth, to 
and is, besides, independent of climate | alter all the conditions of the manufact- 
or the uncertainty of the seasons. But} ure, and to produce a sudden and com- 
although we do not necessarily exchange | plete revoiution in the trade. It is, 
finished produce against raw material, it | moreover, observable that these changes 
is not less the fact that we have exten-| excessive as they are, have not been 
sive and intricate relations with foreign brought about by war or violence, but 
countries, and are called upon to take a| by causes perfectly natural, though or- 
keen and often a painful interest in their | dinarily slow in action, which during the 
fiscal and customs’ regulations. More-|last few years have operated with ac- 
over, the iron trade, including therein its celerated speed. Thus it has chanced 
subsidiary branch of the coal trade, is, that important trades, and considerable 
beyond any other, exposed to the un-| branches of manufacture, have sprung 
certainties which, in these days, attend up or have decayed, or been directed in- 
upon the employment of labor, and has’ to other channels, with very unusual, not 
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to say unheard of, rapidity, demanding 
on the part of those engaged in them no 
common foresight, no ordinary prompti- 
tude of action, so to meet the altering 
circumstances as to escape ruin, if not 
to extract out of them advantage. 

There was a time, and that not long 
since, when the iron trade of Great 
Britain was in the hands either of indi- 
viduals or of companies of a strictly 
private character, composed of a small 
number of partners. In those days the 
disposable capital was limited, and 
the attention of the iron master was 
confined pretty closely to the details of 
his manufacture, and to the sale of his 
metal at the nearest port. His channel 
of conveyance was the canal; his ore, 
flux, and fuel, were raised very near to 
his furnaces. He left his works, or at 
any rate his district, but seldom, and if 
his trade, over any length of time, was 
unprofitable, he had no resource but to 
wind up and retire. There was but 
very little legislative interference with 
his business. I have heard some of the 
fathers of the trade relate, with much 
Satisfaction, the part they took when 
Mr. Pitt proposed to lay a tax upon pig 
iron : how they went to London, formed 
a committee, and saw and expostulated 
with the Minister. To some of the 
smaller of these men, the event of their 
business lives was this one bit of legisla- 
tive agitation, which to many of us is al- 
most an annual anxiety and annoyance. 
At that time, too, commercial treaties 
were unusual, and there were no combi- 
nations worth mention among the work- 
people, making necessary counter-combi- 
nations on the part of the employer. 
The ironmaster of that time troubled 
himself very little about the relations 
between labor and capital, and in fact 
regarded his business from what would 
now be considered a very narrow point 
of view. 

And yet the old ironmasters, who 
were produced by and who perfected 
this bygone system, were a remarkable 
race of men. They were men of whom 
England had reason to be proud. They 
were mostly self-made, strong, firm, not 
to say obstinate in their will, very self- 
reliant, rough but not unpopular with 
their workpeople, of great kindness of 
bos guroane and they possessed that rare 
and great gift the power of managing 





men. Such were Sir John Guest, the 
Crawshays and the Hills, in Wales ; the 
Knights and the. Darbys in Staffordshire, 
apd the Bairdsin Scotland. A sort of 
natural selection weeded out the weak, 
so that only the strong survived. The 
very term “ Ironmaster,” long applied in 
no other trade, has a strong flavor of 
power. 

Men, circumstances and conditions are 
now changed, and changed within our 
generation, within the business life-time 
of many of us. The joint-stock system, 
which has brought immense capitals into 
the iron trade, and in many instances 
been worked to the advantage of all, has 
too often found combinations of share- 
holders who, after losing heavily, year 
after year, by the trade, are still willing 
to go on, of course to the utter ruin of 
those who cannot afford to carry on their 
works without profit, and to the serious 
injury even of those who from more 
favorable circumstances or more skillful 
management are yet able to live. To 
take a slight liberty with some well- 
known words, I may say : 

= The time has been 

That when the cash was out the firm would die 

And there an end. But now, they rise again 

With loans and preference shares upon their brows, 

And push us from our stools.” 

It is not too much to say that in cer- 
tain districts of Britain some millions 
sterling have been expended in the last 
ten or twelve years in producing iron 
which has been sold at a loss, utterly de- 
ranging the ordinary relations between 
demand and supply, and producing in 
the long run immense discontent among 
those very bodies of workmen whose 
wages have thus been artificially raised. 
In an old country such as ours, so dense- 
ly peopled, so highly industrious, and 
therefore filled with trade rivalries and 
competitions, there must necessarily be, 
in every trade, occasional and serious 
fluctuations, but there exists no branch 
of British industry in which the fluctua- 
tions have been so frequent, the alterna- 
tions between prosperity and depression 
so severe, as in our own. In the iron 
trade, great demand has led to excess of 
supply augmented by speculation, pro- 
ducing artificial prosperity, followed by 
depression and distress. Formerly the 
suffering followed quick upon and check- 
ed and corrected the error: now that 
those who supply the capital are not 
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usually they who manage the trade, the 
corrective is longer resisted, though its 
operation is finally more severe. This 
infusion of ill-managed and unproduc- 
tive capital is one, and by no means the 
least, of the difficulties introduced of 
late years into our trade. The prosperi- 
ty which was at its height in 1872, and 
which has been succeeded by the exist- 
ing depression, exaggerated no doubt by 
hostile tariffs on the Continent and the 
exclusion of our iron from the United 
States, illustrates very forcibly the 
natural sequence which I have attempt- 
ed to describe. 

Although individual manufacturers 
have been prompt to accommodate them- 
selves to these altered and altering cir- 
cumstances, they have been slow to form 
combinations for united action for the 
common good, and for the acquisition of 
such general information concerning the 
progress of the trade as is the concern 
of all although it can scarcely be acquir 
ed singly. In fact, the manufacture has 
far outstripped what may be called the 
commercial and legislative divisions of 
the trade. We are somewhat behind 
hand in the collection and publication of 


its statistics, especially those of wrought 
iron and steel, and we are also far from 
precision in the returns of the value and 


character of our iron ores. So also with 
regard to the freight and general statis- 
tics of the conveyance by rail of iron 
and steel making materials. All inland, 
and, indeed, all ironwork, are more or 
less dependent upon railways for the 
conveyanée of their finished iron, of 
much of their raw material, and often of 
their fuel, and information as to rates 
and speed of transit is very important, 
and should be known to the whole trade. 
So also with foreign tariffs and treaties 
with foreign States. The very existence 
of England as a power of the first-class, 
if not as an independent power at all, 
depends upon her being able to hold her 
own in the manufacturing world, and 
especially in the manufacturing of iron 
and steel. Her function for about a 
century has been to undersell other na- 
tions in the markets of the world. Her 
trade was created by the peculiar skill 
of her sons, combined with the moderate 
cheapness of their labor. This led to its 
expansion, attracting into it a larger 
capital, giving employment to greater 





numbers. The original cheapness rested 
partly on low wages, but the effect of 
augmented production was to create a 
larger and ever-growing demand for 
labor, to raise wages, to diminish the 
cost of living, sal so to improve the 
condition of the laborer. Recently, 
however, this production, carried to ex- 
treme lengths, has been accompanied by 
a restriction in foreign markets; and 
now that nearly every Continental na- 
tion, and the United States of America, 
have decided to foster special native in- 
dustries by artificial restrictions, it be- 
hoves those concerned in the British 
iron trade to keep a close watch upon 
commercial treaties and the tariffs of 
foreign States, to see that the former be 
acted upon, and the latter grappled with 
where not absolutely prohibitive. 

So also with an equally important sub- 
ject, Home legislation. Formerly, legis- 
lative interference was confined, or near- 
ly so, to the raising of revenue by direct 
taxation, and there was much intermed- 
dling, usually vexatious, and always 
mischievous, with the details of manu- 
facture ; checking, for example, the 
manufacture of glass, the making of 
bricks, the tanning of hides, limiting the 
admission of light and air into dwellings, 
indirectly prescribing the form of ships, 
and so on, supporting a considerable 
army of smugglers, met by a counter- 
army of revenue officers, and causing 
our ports and river mouths to be infest- 
ed with tide waiters, and thus producing 
a present revenue at the cost of much 
crime, to the great discouragement of 
trade and commerce, and to the checking 
the operation of that great natural law, 
by which supply adapts itself to demand, 
and men are led to buy in the cheapest 
and sell in the dearest markets, and, in 
accordance with which, each nation should 
be left to supply freely that article 
which it produces at least cost. All 
this is now swept away, or nearly so, 
among ourselves. Under the teachin 
of Adam Smith, and led by Cobden po, | 
his disciples, England has discovered 
that, even in a fiscal point of view, 
light taxation upon the increased pro- 
duction caused by free trade, best fills 
the exchequer. Here, in England, at 
least, we no longer “gente special trades 
at the expense of the general consumer, 
but rather have we reversed the process, 
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and, in many cases, we most. certainly | with foreign tariffs, commercial treaties, 
protect the interest of the many at the|and Home Parliamentary business, that 
cost of the few. For the new system, | may have a bearing upon the position of 
though, on the whole, very advantage-|the Iron and Steel trades—excluding 
ous to the development of trade and questions of wages, or of a purely local 
manufacture, has been accompanied by a character—and generally to take all 
change in the course of legislation that | proper measures for advancing the inter- 
causes to the manufacturer deep anxiety, | ests of the British Iron and Steel trades 
and demands his continual attention. | in all their branches.” 

Modern legislation interferes not so| It is evident that the best way tocarry 
much with things as with persons and | out these aims is by means of an Asso- 
classes, and its tendency is in every /|ciation. The illustration of the bundle 


case to add to the responsibilities and, in| of sticks is as applicable now as it was 


the first instance, at any rate, to dimin- | in the days of Atsop, besides which As- 
sociations are not only stronger than in- 


ish the profits of the manufacturer. Of 
legislative measures of this class, the dividuals, but if well managed they grow 
Factory Acts, and the Acts limiting the | stronger as well as wiser as they grow 
hours of labor, are well known types, |older. This is an age of associations, 
and each year brings into the committee | but although there already exist several, 
rooms of the legislature a crop of bills | such as the “ Federation of Employers,” 
almost always well intended, but not al-|the “United Chambers of Commerce,” 
ways wisely considered. The modern and the “Mining Association,” of a gen- 
policy springs in the main from good eral character, there has no one hitherto 





motives, and, carried to a certain extent, 
has a direct tendency to raise the con- 
dition of the working classes, without 
crippling their means, or injuring the 
producing power of the country. All 
interference, however, with the details 
of a manufacture or the habits of the 
workpeople, or with the economy of la- 


bor, should be accompanied by a degree | 
of knowledge that very few indeed not. 
actually engaged in that manufacture 
Not unfrequently the bills) 


can possess. 
brought before the committee contain 
provisions, which would either be im- 
practicable to work, or, if carried out, 
would be even more injurious to the 
class they are intended to protect than 
to the employer. All legislation of this 
nature requires to be jealously watched; 
where sound, promoted; where unsound, 
vigorously opposed. 


uch are the general considerations | 


which have led to the formation of our 
Association, of which the objects are 
briefly and conveniently described in the 
words of our prospectus. 

“To secure a means of communication 
between members of the Iron and Steel 
trades of Great Britain, upon all matters 
bearing upon the commercial interests of 
these industries. 

“To procure and circulate detailed 
statistics of the Iron and Steel trades, 
both at home and abroad. 

“To attend to all matters connected 


'been formed specifically to promote the 
|iron trade in its commercial and legisla- 
| tive aspects. With the local iron trade 
associations, of which there are many, 
'and those excellent, we do not interfere. 
Such bodies deal with local questions, in 
'which the regulation of wages, and of 
railway and canal arrangements, form 
the most important features, and are 
best left to be so treated. Where these 
societies touch upon larger, and what 
may be called imperial questions, we can 
afford them valuable assistance, since we 
‘aspire to promote the interests of the 
whole trade, and to become on certain 
classes of subjects, its representative. 

| But, it has been asked, though it be 
|neesssary for the interests at stake that 
they should be made the care of a spe- 
| cific association, could not this end have 
| been more conveniently attained by a 
|committee or subordinate branch of the 
Iron and Steel Institute, already so pow- 
‘erful and so successful? The answer to 
| this suggestion is that the Iron and Steel 
Institute owes its strength and brilliant 
| condition mainly to the fact that it is 
busied exclusively with the manufacture, 
and does not meddle with the trade. It 
is with technical points only that it is 
| concerned, and it is upon inventions and 
improvements in the manufacture that it” 
| undertakes to disseminate knowledge. Its 
|ordinary meetings afford opportunities. 
for discussions of this character, and it 
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annually visits one of the great indus- 
trial districts of the country, and its 
members become personally acquainted 
with such establishments as are best 
worth attention. Its leading members 
are all men who, though necessarily more 
or less conversant with the trade, are 
mainly celebrated for their knowledge 
of the details of their manufacture, and 
for the improvements which many of 
them, as, for example, Bessemer, Bell, 
Siemens, and Menelaus, have introduced 
into it. It is the powerful impulse given 
by the Iron and Steel Institute which has 
forced upon us the knowledge that it is 
not upon the manufacture alone that the 
success of our business is dependent. 
The more perfect our proeesses, the 
greater our economy of production, the 
more keenly are we made to feel that our 
business has another and not less import- 
ant side, a political and commercial no 
less than a material economy ; and it is 
by following the example of the Iron 
and Steel Institute and confining our at- 
tention strictly to our own classes of sub- 
jects that we can alone hope to rival that 
body in its success. It may also be re- 
marked that, although the leading iron- 
masters are concerned necessarily with 
both branches of their business, and 
would be as much at home here as in the 
meetings of the Institute, there are many 
persons engaged in the trade whose ex- 
perience and position give great weight 
to their opinions, but who, taking no 
part in the manufacture, and excluded 
therefore to some extent from the discus- 
sions of the Institute, will find an appro- 
priate and very useful sphere of action 
with us. For these reasons, it has been 
decided to commit the commercial and 
legislative interests of the trade to an 
independent society, and it should be 
the care of those who are members of 
both bodies to promote that unity of ac- 
tion and cordial concord between them 
which it is for the interest of the whole 
trade should be preserved. 

And, first, as to the statistics of the 
trade. “Nothing,” said a witty states- 
man, “is so fallacious as figures except 
facts,” and yet it is to facts and figures 
that we must look for that precise and 
trustworthy knowledge of the current 
condition of the iron trade in ‘our own 
and other countries, which is so needed 
by each of us for the proper conduct of 





his business, It is important to know as 
accurately and as quickly as possible 
what is doing, or has recently been done, 
in production or in,sale. An accurate 
and early account of the quantity of iron 
produced, of its various qualities and 
forms, with information as to the varia- 
tion in the stocks held, will enable the 
manufacturer to form a tolerably correct 
judgment as to the relation between sup- 
ply and demand in the trade as a whole, 
and in its various branches. We want 
to know, what is the production of each 
kind of iron in each district, what is the 
demand for it, whither it goes, how it 
travels, what it fetches, and, if possible 
what was its cost of production. And 
so of steel: it is important that we 
should know at what rate rails of steel 
are taking the place of rails of iron ; 
whether steel is displacing iron for other 
and what purposes, and to what extent ; 
and whether iron rails of a high class are 
snperseding those of a lower class. These 
are questions very interesting to the 
manufacturer, but many of which at 
present can only be answered inaccurate- 
ly by estimate, if not by guess. With 
precise knowledge on these and similar 
points of manufacture and consumption, 
at home and abroad, coupled with atten- 
tion to the growth of railways and other 
large iron consuming works, the iron- 
master will be far better able to decide, 
than at present, whether he should re- 
strict or augment his output, and in what 
direction the necessary alterations should 
be made. 

So also of the materials employed jin 
iron making. We should have informa- 
tion from our own and if possible from 
all iron making countries, whence and 
in what quantities, of what quality, and 
at what price, are derived the ores em- 
ployed. These, and the like statistics, 
collected, some by foreign governments, 
some by our own, and some by private 
associations, some given voluntarily, 
some by compulsion, and some not, as 
yet, given at all, we propose to collect 
and collate, and as far as possible to sup- 
ply what is deficient. At this time it is 
impossible to deny that that immense 
division of British industry, known as 
the iron rail trade, is slipping out of our 
hands. From some reason or reasons, 
the iron rail trade, recently so large, has 
shrunk to nothing. It is true that no 
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amount of statistics would have prevent- 
ed this, but I think that we ought to 





lished and a Keeper appointed. It was 
not, however, until 1845 that the present 


have had, and might have had, the means Keeper succeeded to the office, and his 
to foresee and provide for this change | first care was to collect and publish min- 
earlier, and far more effectively than we| eral returns, These returns were purely 


have done. 


voluntary, and as the Government made 


The branch of science known as sta-| no specific provision for their publication 
tistics, is of modern growth, and is in| they saw the light in an indirect form, 
some degree the business of the state, | first in the memories of the Geological 


that is to say, those particulars which 
can only be obtained by the government, 
it is the business of the government to 
collect and make public. Such are the 





Survey, and afterwards in the records of 
the School of Mines. These returns, 
however, were confined to copper, tin, 
lead, and silver, and did not include iron 


population returns of a country, its vital! or coal. 


statistics, the particulars of its finance, 


In 1853 the subject was again pressed 


its pauperism, its crime, its public bur-| upon the Government, and since that 


thens, its shipping, its trade and com- 
merce, and in some degree of its agricul- 


time the mineral statistics of the king- 
dom have formed an annual volume that 


tural. and manufacturing industries./has gradually become more and more 
These are matters on which statesmen, | complete, and now forms a most credita- 


those who legislate for a country, need 
to be informed. Their collection was 
long neglected by all governments, and 
has only of late years received much at- 
tention from our own. The well-known 
Northampton tables show in a very 
striking way the mischief of this neglect. 
They were collected in the latter part of 
the last century by private persons, and 
being, on that accouut, drawn from a 
limited number of observations, gave an 
erroneous average of the duration of 
human life, so that for many years the 
rate of assurance was unnecessarily high, 
and the enjoyment of this, the most 
beneficent gift of statistics to mankind, 
and one of which England is the parent, 
was seriously retarded. Since 1834 sta- 
tistics have Seen under the protection of 
a very valuable Society, and we have 
from the Government minute and accu- 
rate returns of trade and commerce, of 
the circulation, crime, pauperism, and 
more recently of the mining and metallic 
operations in the whole kingdom. As 
regards our own manufacture, its statis- 
tics are placed under the Geological 
Survey Department of the Government, 
and, as this is a subject that concerns us 
deeply, I must ask your attention while 
I enter upon it at some length. 

In 1838 the Council of the British 
Association for the advancement of sci- 
ence passed a resolution strongly urgin 
upon the Government the collection se | 
ap egg of the mining records of the 

ingdom. The result was that in 1840 
the “ Mining Record Office” was estab- 








|ble and valuable collection. As regards 


the metalliferous mines, since 1848 these 
returns haye been voluntary. In 1854, 
the Inspectors of coal mines were direct- 
ed to give assistance to the Keeper of 
the Records, and he was allowed travel- 
ing expenses, so that he might exercise 
more influence upon the coal proprietors, 
whose returns, to his department, were 
still to be voluntary. 

In 1873, the Coal and Metalliferous 
Mines Acts, 1872, came into operation, 
and the returns from mines and collieries 
were made compulsory, but so little was 
the mining record office regarded that 
the Acts excluded the Keeper from a 
right to the use of the Inspector’s re- 
turns. At this time the metalliferous 
mines returns are sent to the Keeper by 
the courtesy of the Home Secretary, but 
these give the quantity only of the ore 
raised, and he has still to apply to the 
proprietors for their money value, with- 
out which the returns would be far less 
useful. The proprietors, who have 
throughout shown much _ courtesy, 
naturally complain of having to make 
double returns where a single set ought 
to be sufficient ; but having attended to 
Mr. Hunt’s requests for 25 years, they 
do not refuse compliance, though cer- 
tainly they ought to be relieved. 

The returns now published by the 
Keeper in his annual volume, show, as 
regard iron : the blast furnaces built in 
the year, blast furnaces in blast, annual 
make of pig irén in each district, and 
the coal consumed for all purposes in its 
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production. As to wrought iron, they 
show the number of mills and forges, 
the coal consumed in them for all purpo- 
ses, the number and capacity of the 
Bessemer converters, and the particulars 
of about half the tin-plate works. They 
show also, in-raw material, the particu- 
lars of ore raised in each mine and in 
each county, its general description, its 
quantity, and its value: also the burnt 
ore from pyrites and other foreign ores 
imported, together with large, though not 
complete, particulars as to ore conveyed 
by coasting, vessels, by canal, and by rail. 

In France, Belgium, and Prussia, the 
returns are compulsory, and are made to 
and published by the Government. 
They are of the same general character 
with our own, in some respects more, in 
others less, complete. 

Now, although our returns are not by 
any means perfect, they are very valua- 
ble, and it is a creditable fact that they 
are all given voluntarily, and Mr. Hunt, 
who may be said to have created the de- 
partment as it now exists, and by whom 
the annual volumes have been compiled 
from their commencement, does not wish 
it to be otherwise. He is of opinion 
that, with proper arrangements, all that 


is obtained by foreign governments - by 
compulsion, might be obtained here, 
quite as fully and correctly, by free will. 
But for such work the present establish- 


ment is insufficient. I have taken the 
— to inquire into its particulars, and 
find that for a Keeper and two assist- 
ants, traveling expenses, and expenses 
of collecting records, the Government 
allows less than the salary of a senior 
colliery inspector. With the practice of 
the department in seeking information, 
most of us are familiar. It is simple. 
Circulars are addressed to the several 
manufacturers, with schedules which 
they are invited to fill up. Most do so 
at once. To those who neglect to sup- 
ply the information sought, the Keeper 
makes a personal application. -It is sel- 
dom that he has to take this step, and 
very rarely indeed that he takes it in vain. 
his subject of the Mining Record 
Office is one that the Iron Trade Associ- 
ation should at once take up, nor could 
they well find a stronger case. There 
are certainly no statistics published by 


the Government that more affect any of | 


the great industrial interests, none which, 
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so far as they go, are more useful, none 
which require so little addition to render 
them complete. I think, too, that it may 
be said that no department is more 
economically worked, or, with the narrow 
means at its disposal, has produced more 
valuable results. The defects in the re- 
turns are the fault of the Government, 
or rather of successive Governments, 
with whom statistics have never been 
popular, and who have not as yet afford- 
ed the necessary staff for their collection, 
and, what is of equal importance, for 
their rapid arrangement and publication. 
I may also remark with much satisfac- 
tion that by a happy coincidence the 
| same statesman who, in 1853, was at the 
Treasury, and whose report then made 
caused the Mining Office to be placed on 
an improved footing, I mean Sir Stafford 
Northcote, is now Chancellor of the Ex- 
chequer, and may fairly be expected to 
regard with favor the past success and 
proposed completion of his work. It 
may be thought I have dealt too strong- 
ly and at too great length upon the im- 
portance of statistical details to the in- 
dividual masters, but in truth it would 
be difficult to over-rate their value. We 
want them complete and we want them 
early, and if the Association does its 
duty we shall soon obtain them. 

I have pointed out briefly what is 
done in this matter by the governments 
of the Continent, but we have more to 
learn therein from the United States, 
where, as here, the reports are voluntary. 
The American Iron and Steel Associa- 
tion, in some form or other, has existed 
twenty years. The current report for 
1874 was published in February 1875, 
and that for 1875 is probably now on its 
way to England. These reports, though 
of moderate size, are far beyond anything 
of the kind published in this country. 
The volume for 1874, for example, gives 
an aceount of the iron trade of the 
world, showing its fluctuations and their 
direction, their extent, and the range of 
its quantities and prices. The report 
further shows how far such fluctuations 
are affected by the laws of each country, 
where legislation is thought to be un- 
wise, and how it should be corrected. 
There are tables of foreign commerce 
and of domestic production of the vari- 
ous kinds of iron showing the quantities 
produced in each of the twenty-five iron- 
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making States, of pig, of rails, whether 
iron or steel, and their prices, with the 
mileage of new railways. Also, a sketch 
is given of the iron shipbuilding trade ; 
of great works, as bridges, in iron ; of 
the rising make of Bessemer steel and 
that by other processes ; of the produc- 
tion of rolled iron generally, and of the 
supply of iron ore. Besides these and 
other domestic topics, the report con- 
tains an excellent paper on the relations 
of capital and labor in the States. The 
domestic statistics form an appendage to 
the general report. We may indeed la- 
ment that throughout these volumes a 
narrow and exclusive system of protec- 
tion is advocated, but we shall do wisely 
to take example from the energy and 
general intelligence displayed by the 
American Association, and shall do well 
if we are able to rival them in the value 
and completeness of the information 
which we may from time to time bring 
forward. It should also be borne in 
mind that the American statistics are 
not only, like our own, given voluntarily, 
but are collected by the Association, not 
by the Government. © 

France also contains a representative 
iron association, the transactions of which 
—— periodically as the Bulletin du 

‘omité des Forges, a very valuable pub- 
lication, very full of facts and statistics 
of the French trade, both internal and 
with other countries, and in some re- 
oo, more full than the returns from 

ngland or the States. There are also 
associations of a like character in Bel- 
gium, Prussia proper, Westphalia, and 
the Rhenish Provinces, in full activity 
aud of various degrees of merit, the pro- 
ceedings of which deserve to be better 
known in England, and will, no doubt, 
become so by means of this Association. 

But, however copious and accurate 
may be the statistics we may obtain and 
circulate, the mere collection and publi- 
cation is but a part of what is wanted. 
These figures are the raw material which 
it would be our business to smelt and 
refine. We must use them as means to 
an end, and upon the manner in which 
they are handled and the soundness of 
the conclusions drawn. from them, will 
depend, in a large measure, the useful- 
ness and character of our body. 

Next have to be considered the com- 
mercial and legislative conditions of the 





iron trade, two points very closely con- 
nected, not, indeed, naturally, but be- 
cause questions of commercial treaties 
and foreign tariffs, as well as of home 
legislation are usually approached 
through the Governmént and through 
Parliament. 

The general policy of the leading 
countries of Europe and of the United 
States leans strongly towards protection, 
and the effect, in the iron trade, has been 
in a great measure to shut out British 
iron from France, Belgium, Germany, 
and the States, and Russia seems follow- 
ing in the same track. In each country, 
specific interests outweigh the general 
good, and the profits of each trade are 
enhanced at the expense of the public. 
No combination of Englishmen can at 
once work a change. England could in- 
deed exclude, as formerly, French wines 
and manufactures, and Russian hemp and 
tallow, but to do this would be to com- 
mit the very error of which we complain, 
to punish our masses for the advantage 
of certain specific trades, and to depart 
from that practice of free trade which 
Adam Smith regarded as too Eutopian a 
blessing ever to be enjoyed among men, 
and of which England stands nearly 
alone as the apostle. But if we cannot 
at once lead foreign nations to follow our 
example, and can only trust to time and 
the diffusion of knowledge to bring 
about the change, still we need not alto- 
gether despair. In our own country it 
was only by the steady exertions of a small 
but active minority that the change was 
brought about, and both in France and 
the States exists a strong and probably 
an increasing party in favor of free trade, 
in conjunction with which we may do 
something to enforce the observance 
of existing treaties, and watch over 
their renewal. Something may also be 
gained by the obtaining accurate infor- 
mation as to what form of iron can be 
exported at a gain, so as in some degree 
to turn the flank of a hostile tariff if we 
cannot meet it infront. And so as re- 
— the importation of raw material 

rom the Continent. You are aware that 


at this time English capital has been 
largely invested in Spain in opening iron 
mines and in forming communications 
with the port of Bilbao, and that the 
Spanish Government, if Government it 
‘can be called, has taken occasion, when 
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that quarter of the country is convulsed | 
by insurrection, to lay an export duty on | 
a trade which they ought, for their own | 
sake, to encourage by every means in| 
their power. To this impost our Asso-| 
ciation should have something to say, both 
before our foreign minister and at Madrid. | 

In home legislation we may hope to| 
effect much more. - Each year brings be-| 
fore the Committees of Parliament, bills | 
bearing directly or indirectly on the iron | 
trade, and often pushed forward by the 
trades’ unions and by the force of public 
opinion, which,-when ignorant of the 
circumstances, is commonly against the 
manufacturer. Our Association, strong 
in its representation of a great and 
wealthy trade, and in the accurate know- 
ledge concerning that trade possessed 
by our leading members, should sit in 
council upon each proj-cted measure, | 
weigh well its provisions, and, while ac- | 
cepting in good faith those social im- | 
provements which are the object of what | 
has been called Factory Legislation, take 
care that these be effected with as little 
interference as possible with the details 
of the manufacture and the habits of the 
workpeople. If we are guided by a de- 
sire, not to secure temporary profits, but 
to advocate what may be best for em- 
ployer and employed, whose interests, 
often, temporarily or apparently, at vari- 
ance, are yet in the main identical, we 
shall win the respect of the working 
classes and the confidence of the trade, 
be listened to by the Legislature, and be 
in a fair way to fulfill the hopes of the 
founders of our society. 

There is yet another branch of public 
business, allied to the former, which 
comes within our scope. It will be for 
us not only to endeavor to influence our 
law makers, but to have something to 
say to the administration of the laws re- 
garding our trade when made. Former- 
ly, when a law was passed, it was in 
most cases left to be called into action 
by those whom it concerned, and an in- 
former was stimulated to bring it into 
operation by the prospect of a share in 
the penalty inflicted, if a fine. The 
modern system is different. Many of 
the laws passed on behalf of the working 
classes are obnoxious to, or at best disre- 
garded by, those whom they are intended 
to benefit, and to secure the application 








of such laws, the Secretaries of State 


and the Committees of the Privy Coun- 
cil and other Government departments 
are invested with almost despotic power, 
put in action through a cloud of inspect- 
ors amenable only to the central authori- 
ty. Our schools, poorhouses, cottages, 
workshops, collieries, engine houses, are 
all under inspection. Hours of work, 
public clocks, sewers, water supply, rub- 
bish heaps, water-courses, are all visited 
by men who exercise inquisitorial 
functions, and who, though usually 
chosen with care and some regard for 
their fitness, are, at the least in the 
earlier part of their career, more distin- 
guished for zeal than for experience. 


|This system, probably on the whole 


good, and to some extent absolutely 
necessary, is very liable to abuse, and 
needs to be very carefully watched, so 
that what is objectionable may be re- 
moved or amended. 

There is,a close and an increasin 
connection between the iron trade al 
the railways of the country, not only 
as regards the manufacture of the rails, 
but as regards the conveyance upon 
them of ore, fuel, and iron. To the in- 
troduction of railways is due the great 
development of the iron trade, and it is 
the continued demand for railway iron 
that has raised and maintained this trade 
as one of the great industries of the 
world. Where other customers have 
taken from us scores and hundreds of 
tons, railways have taken tens of thou- 
sands, and to them it is mainly due that, 
in the thirty years following their intro- 
duction, our make of malleable iron 
quintupled. Nor is it only as customers 
that railways have benefited our trade. 
By the facilities they afford we are enabled 
to draw our ironmaking materials from 
sources that would otherwise have been 
closed. Forty or even thirty years ago, 
the eonvenient conjunction of iron ore, 
coal, and limestone, was the cause of the 
prosperity of some of the most import- 
ant seats of the manufacture. This is 
no longer the case to anything like the 
same extent. By the rail we can trans- 
port the coke of Durham at a cheap rate 
to the Cleveland iron stone, and the same 
admirable fuel across England to the 
rich hematites of Barrow. It is not too 
much to say that, but for the facilities 
of transit afforded by railways, the pro- 
gress of Middlesbrough must have been 
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slow, and Barrow could scarcely have 
existed at all as a great centre of the 
manufacture of iron and steel. 

But, much as we owe to railways and 
the railway system, and good customers | 
as we and our brothers of the coal trade | 
are to them, our interests are by no} 
means identical at all points, though our | 
alliance need not be the less cordial | 
that it requires careful and constant 
watching. Railway managers are a very 
able and a very quick-witted class of 
men, and though generally aware, and 
ready to admit in the abstract, that the 
safest profits are those derived from low 
rates and great facilities for transport, 
they sometimes are found to sacrifice 
these broad and well-formed views for 
present gain. It is true that the ulti- 
mate object of a railway manager is the 
giving a good dividend to his share-hold- 
ers, and not the development of the re- 
sources of a district, but what we have 
to keep steadily and powerfully before 
these gentlemen is the fact that these 
two points are in the main inseparable, 
and that, not only where the resources 
of .a district are large, but even where 


they are but moderate, it is sound policy, 
even at a present loss, or with a very 
moderate margin of profit, to induce 


their development. Sam Slick’s plan 
with his clocks was a very good one. 
Lend your clocks freely and after a 
short time people find they can’t do 
without them and will purchase. Once 
let a railway be at work and the in- 
terests which it generates become too 
strong to be allowed to drop. Many of 
us know cases in which a single railway 
has held the monopoly of a district and 
checked its progress, as proved by the 
vast increase of trade which has follow- 
ed upon the opening of rival lines. 

This subject of facilities of transit is 
one to which the attention of our associ- 
ation should be directed, and the just 
and wise regulation of which we should 
promote with such influence as we may 

ossess. As the margin of our profit 

comes less, so much the more import- 
ant does it become, that we should have 
cheap and convenient facilities. for the 
transit of our raw material and our 
finished or half finished produce, nor are 
there any two points in England so dis- 
tant that a profitable trade might not 





be made to spring up between them by 


a liberal railway policy, or, what is even 
more important, the trade between which 
might not be diverted or even destroyed 
by one of a short-sighted character. 

hen I state that in stirring times the 
pig iron of Middlesbrough is actually 
brought by rail to South Wales, I adduce 
a very strong argument in favor of cheap 
transit, and show how extreme a case is 


‘made possible under a liberal railway 


policy. To obtain and maintain the ex- 
ercise of such a policy, no exertions on 
our part should be wanting. 

e have proposed, and f think wisely, 
to exclude from the scope of our asso- 
ciation “ questions affecting the regula- 
tion of wages or those of a local charac- 
ter.” These are best left to the consid- 
eration of the associations now to be 
found in every manufacturing district. 
For their equitable adjustment they re- 
quire a close knowledge of circumstances, 
and are besides accompanied too often by 
irritations and heartburnings and mutual 
animosities, which it is very undesirable 
to import into our discussions. But it 
by no means follows that the philosophy 
of wages, and the distribution of re- 
turns between labor and capital are not 
to be considered here, as well as those 
questions of interference with natural 
laws and individual freedom of action 
which are connected with fluetuations in 
the price of labor, and with the general 
relations between the employer and em- 
ployed. For such questions lie at the 
root of our own and every other trade. 
Upon their solution rests the prosperity, 
not only of our trade or of our country, 
but of the whole world ; and the statis- 
tics of production, commercial treaties 
and tariffs, and home legislation, import- 
ant as such subjects aré, sink almost into 
insignificance before that one great ques- 
tion of the wages of labor. 

Labor and capital, which is the ac- 
cumulation of labor, are co-equal powers. 
Without labor, capital yields no return, 
and will be dissipated : without capital, 
labor cannot be employed to advantage, 
and the laborer cannot rise to independ- 
ence. Unfortunately, this truth, which 
is as fixed and indestructible as any other 
of the laws by which the world is gov- 
erned, has not yet forced its way into 
the understandings of the masses in this 
or any other country. If it be too much 
to say that labor in England, as in the 
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centres of manufacture in France, has 
declared war against capital, it is at 
least that it places itself in opposi- 
tion to capital, and the employer, 
who but recently was regarded as a 
useful citizen, is now, to some extent, 
thought to be one who desires to 
reap where he has not sown, or at the 
best claims more of the joint produce 
than he ought to do. The causes of 
this change are deep-seated. During 
the last half emg | since the end of 
the wars of the first Napoleon, there has 
arisen all over Europe and in the United 
States a great development of the indus- | 
trial arts, fostered by the general use of 
steam power, by vast improvements in 
machinery, by the tendency of such 
machinery to ereate large establishments 
and augment already over grown towns, 
by the construction of railways and | 
steamboats, by immense facilities in 
postal communications, by the removal 
of the tax on newspapers, and, finally, 
by the invention of the electric tele-| 
graph. The effect of all this has been a 
rise in the wages of labor, not nominal | 
only, such as might be produced by the | 
greater plenty of the precious metals, 


but real—great and rapid beyond any- 
thing before experienced, and raising, in | 
every article into the production of 
which labor at all largely enters, the} 


cost of production in a far higher pro-| 
portion than that of the necessaries of 
life, though most of these have also 

risen, and considerably.. During that 

long period from the commencement of 
the reign of Louis XIV. to the battle of 
Waterloo, while other nations were dis- | 
tracted from the arts of peace by war or 
the apprehension of war, England, from | 

her insular position, was at rest, and be- | 
came gradually a hive of ‘successful in- | 
dustry. During the latter part of that 
time she was supreme in the markets of | 
the world for manufactured goods. The | 
English capitalist took the lead in bold-| 
ness of adventure ; the English artisan | 
in skill and perseverance. “ Indocilis | 
pauperiem pati,” the device of the mer- 
chant venturers of one of our great sea-| 
ports, was the sentiment of the whole) 
nation. In the employment of her coal, 

the construction of her machinery, the 
outlay of her capital, the industry of her 
artisans, and the force and energy of her 
marine, England had no_ co-rival. 


“Wherever,” said Napoleon, with the 
bitterness of deadly hate and envy, 
“ wherever a cockboat can float, there I 
find the British flag,” and beneath that 
flag were poured forth the cotton and 
the cutlery of Britain. 

But the fall of Napoleon, and the re- 
pose that followed, enabled other na- 
tions to come forward in the race, and 
whatever may have been the continued 
progress of England, and it was great, 
France, Belgium, Germany, and the 
U nited’ States, gained greatly upon her, 
though even as lately as the introduction 
of railways on the Continent, Mr. Bras- 
sey could testify that, although English 
wages were higher than in any other 
country, railway works could be execut- 
ed more cheaply by English than by any 
other lab or. 

There arose in England a belief, and a 
not ill-founded belief, on the part of the 
artisan, that he obtained too small a 
share of the returns to which, by his in- 
dustry, he had largely contributed, and 
for this larger share, as for all good 
things in this world, he had to contend. 
At first, in the ignorance in which the 
working classes had culpably been 
suffered to remain, they had recourse to 
riots and open violence, but by degrees, 
better instructed, they formed the com- 
binations known as trades unions, organi- 
zed at first as provident or benefit socie- 
ties for the sick or aged, afterwards ex- 
tended to take in hand the regulation of 
wages and particulars of labor, and, 
from time to time, with perhaps equal 
excuse, but with less wisdom, employed 
also in political questions. 

Our immediate and direct business as 
British manufacturers, is with British 
unions; but as these combinations exist in 
extreme forms elsewhere, our Association 
will have also to payattention to the fruits 
which they produce in other countries. 

Now combinations on the part of the 
artisan classes and in their interest are 
natural and right, and, since the altera- 
tion of the law in 1824, are legal. Al- 
though capital and labor are so intimate- 
ly connected that one cannot be deeply 
injured without injury to the other, they 
have also points of variance, and it is 
only by aconflict of forces that a re- 
sultant course, representing each, can be 
arrived at. What has to be secured in 
these struggles, in the interests of the 
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whole community, is that neither party 
interfere with that entire freedoom to 
employ himself at pleasure in any lawful 
trade, which is the ancient right of 
every man under the common law of 
England, and which, though from time 
to time hampered by statute, was never 
lost, and is now once more fully recogni- 
zed by the legislature. Trades’ unions be- 
ing thus in themselves lawful and right, 
and the recognized organs of labor, it be- 
comes essential that their course of action 
should be understood, and this must be 
gathered not so much from their profes- 
sions, though these are not indistinct, as 
from their practice. Their first and main, 
and very legitimate object, is to increase 
the wages of labor, and to bring this 
about by the means, equally legitimate, 
of combination. But having, by the set- 
ting forth so desirable an object, by 
means so legitimate, obtained the confi- 
dence of the artisan classes, they pro- 
ceed to steps of a different character. 
To raise wages they adopt means which 
diminish production, and this by restrict- 
ing the number of artisans admitted as 
apprentices into a trade, by shortening 
the hours of work, by discouraging piece 
work, and, where possible, the employ- 
ment of machinery,and it is difficult to say 
which of these devices is the more opposed 
to sound principles or to the general in- 
terests of the whole commonwealth. 
What rent is to land and wages are to 
labor, profits are to capital, and as they 
form the residue of the fund of returns 
out of which, where a trade is success- 
ful, wages must ultimately be paid ; 
anything that diminishes that fund has, 
so far, a tendency to lower wages, and, 
therefore, whatever means are adopted 
to obtain for the laborer a larger pro- 
portion out of the fund, great care 
should be taken that they are not such 
as to diminish its total amount. But 


profits depend for their rate upon the | 


cost, not upon the wages, of labor, and 
the cost of labor is determined by the 


proportion between the wages of the | 





means the number who may follow any 
particular trade is only to throw upon 
the mass a number of persons who might 
be better employed, and who, by adding 
to the general supply, have a direct ten- 
dency, to lower the average of wages. 

Profit, or that which remains to. the 
employer when his capital is replaced 
and the wages of labor have been paid, 
is the joint produce of capital, skill, and 
industry, but it is an error to represent 
it, as is now often done, as the fruit of 
industry alone, and therefore the proper- 
ty of the workman ; nor is the step from 
this a great one to that of representing 
the interest of the employer as altogether 
opposed to those of the employed, and 
seeking to compel him to raise wages 
with but little regard to.the source 
whence alone they can be derived. 

As to the hours of labor, it may be ad- 
mitted that in some trades they have 
been toolong for the average workman, 
and so far as they tend to depress him 
physically and intellectually were there- 
fore injurious to the community. Relief 
on this head was no doubt needed, but to 
forbid any man, whatever may be his 
strength or skill, to employ those quali- 
ties for his special benefit was scarcely 
the way to bring it about. The aggro 
of such an order is to place the weak 
and strong, the skillful and the unskillful, 
the idle and industrious, on the same 
dead level. It is true that in practice 
the Unions do not carry their opposition 
to piece-work to the length of absolute- 
ly prohibiting it, but the arguments em- 
ployed by them, if followed to their le- 
gitimate consequences, would be prohibi- 
tory The manner in which these restric- 
tions have been enforced, is equally ob- 
jectionable with the restrictions them- 
selves, and includes all methods of 
coercion from social exclusion up to seri- 
ous bodily injury and even death. All 
individual liberty is forbidden. The 
conditions of labor are dictated by a 
committee of delegates whose delibera- 
tions are, not unfrequently, kept secret, 


laborer and tha value of his production ;| and whose authority is paramount. 


consequently, measures that have a di, 


rect tendency to diminish the quantity | 
of an article produced and to raise its | 


It may be said, probably with truth, 
that the regulations of the Manchester 
and Sheffield Unions, conceived in igno- 


cost, will, so far, depress the trade in ‘rance and enforced by crime, are confin- 
favor of rivals who are allowed more |ed to unions composed of the lowest and 
freedom of action, and so will work in- niost ignorant class of workmen, and 


jury to all. 


To restrict by artificial | are disapproved of by all others. 


Still, 
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admitting this to the full, the violation 
of sound economy and the interference 
with individual liberty are rather in de- 
gree than in principle. 

Of course it often happens that a 
Union is not strong enough to carry out 
its wishes to their full extent, but their 
tendency is such as _I describe. Even if 
the restrictions were in themselves in 
some respects beneficial, they are not the 
less an interference with that individual 
freedom for which we in England have 
struggled so long; and their direct ef- 
fect is to lower the standard of excel- 
lence attained by British industry, to 
deteriorate quality, to check quantity, 
and to enhance cost, and to do this by 
forbidding individual freedom of action, 
and diverting the natural course of la- 
bor into artificial channels. It is scarce- 
ly for a Government, still less for an ir- 
responsible and private body, to judge 
what trades are overcrowded. That this 
and similar points are best left to be 
settled by natural laws is a truth which 
we in this country have been slow to 
learn, but which we have learned, and 
will, I trust, yet maintain. 

Moreover, this system of interference 
with natural law, supported by petty 
annoyances, rising to social terrorism, is 
even now producing its effects in Eng- 
land by the stimulus it affords to the 
productions of other countries. Bel- 
gium already runs England very close 
in all her great industries. Wages in 
that country are far lower than here, 
and the cost of living is about the same. 

Her artisans are skillful and industri- 
ous, and her progress has been effected 
during a period when her very existence 
as an independent nation was threat- 
ened. 

There is the less excuse for this sui- 
cidal policy that not only in Belgium 
but in France and Germany, wages are 
lower and the position of the artisan 
less advantageous than with us. Here 
there exist few or none of those old 
legal restrictions on trade that linger in 
parts of the Continent, and especially in 
Germany, and which are described as 
having been, in the United States, at 
at the close of the late war, far more 
vexatious than those prevailing in Eng- 
land in the days of Mr. Pitt, and the con- 
templation of which drove Mr. Wells 
to become a freetrader. In England, 





food, clothing and lodging, are as cheap 
or cheaper than on the Continent, and 
the industrious, prudent and _ skilled 
workman can at this time do better for 
himself here than even in the United 
States. The Consular returns to the 
Foreign Office, first called for by Lord 
Clarendon in 1869, returns which might 
be consulted with advantage by our 
working classes, show that in no country, 
excepting perhaps Holland and Switzer- 
land, is an artisan better off than in 
England, and in Switzerland the differ- 
ence seems to be due only to their great- 
er frugality and the absence of intem- 
perance. 

In these disputes about labor, as in 
not a few of our national troubles, the 
cause is mainly ignorance. The English 
artisan is not usually by any means a 
vicious man. Even where he joins in 
attacking employers as a class he not 
unfrequently bears no sort of malice 
against his own employer. He does not 
seek to regenerate his country by bring- 
ing every capitalist to the scaffold, or 
even to the poorhouse, or by destroying 
public monuments or other evidences of 
national greatness or accumulated wealth. 
Where the individual master, and, in 
some considerable degree, where the 
masters of a special district are allowed 
to deal directly with his or their own 
men, the men are usually willing to lis- 
ten patiently to reason. Nevertheless, 
it is vain to disguise or deny the fact 
that British workmen by their repre- 
sentatives the trades’ unions, are at this 
time acting in opposition to the doctrines 
of free trade and of freedom of action. 

The drift of the Western world, ever 
since the invention of printing, has been 
all in one direction, and every movement 
has contributed to improve the condition 
of the mssses. Privilege after privilege, 
restriction after restriction, has crumbled 
away. The discovery of America, the 
doubling of the Cape of Good Hope, 
the use of gunpowder, the reformation 
in religion, the colonization of the fifth 
division of the globe, every discovery, 
every invention, has been a step in the 
same direction, tending powerfully to 
equalize social conditions, to break down 
divisions, to bring about, not that equal- 
ity of individuals which is the empty 
but dangerous dream of the socialist, 
but the removal of artificial restrictions, 
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and to allow each man freedom to em- 


Peed eS 
this Association should become an arena 


ploy his powers in that way which seems | of controversy, it cannot but be that we 
to him the best, and which has been | shall have to give our attention, and our 


found to be on the whole the best for the 
community. 


/most serious and anxious attention too, 
|to one of the most complex and most 


But a few years ago, the policy of| pressing problems of modern times, and 


protection was almost an integral part 
of our industrial system, in manufact- 
ures, commerce and agriculture. And 
yet in England, a country very distrust- 
ful of change, as change the voice of 
reason has been heard, and great and 
powerful interests, such as those involv- 
ed in the navigation laws, and the 
growth of corn, have given way. It has 
only been after severe struggles, and at 
great cost to many specific interests, 
that perfect freedom of manufacture and 
of trade, and individual freedom of 
action, have been won and established, 
and we are now asked in the interests of 
labor to reverse this decision, and to re- 
turn to a system of restrictions and in- 
terferences, which is at direct variance 
with all our convictions. 

I have touched at some length upon 
these burning topics, I hope in no spirit 
of cavil or exaggeration. I have describ- 
ed the operation of Trades Unions, as 
they are now, or have recently been, 
carried on, and especially as they affect 
the iron, and its subsidiary, the coal 
trade, and this I have done because, 
although it is highly undesirable that 





one upon the solution of which depends 
the prosperity of our own trade, and, 
in a great measure, that of our own 
country. P 

‘Our Association enters upon its exist- 
ence in a time of general depression, and 
one in which we have to grapple with 
new and somewhat formidable dangers. 
But the qualities which have gained will 
maintain success, and they know but 
little of England, who suppose that the 
energy and boldness of our capitalists, or 
the skill and industry of our working 
classes have seriously fallen of, or that 
our internal disputes will not be conduct- 
ed, on the whole, with that practical 
sense and moderation to which we, a8 & 
nation, lay claim. Even now, dark as 18 
the hour, and deep the winter of our 
discontent, there are not wanting sy™p- 
toms of a revival, nor, perhaps, is it too 
much to express a hope that we may 
soon be able to hail with the poet, as 4 
sign of the returning spring, that 


* Vulcanus ardens urit officinas.’ 


and may see 


“The silent furnace once again in blast.” 





ON THE EXPANSION OF SEA-WATER BY HEAT. 
By T. E, THORPE, Pu. D., anpj A. W. RUCKER, M. A. 
Proceedings of the Royal Society. 


Tue extensive contributions which 
have recently been made to the physical 
history of the ocean have shown the 
desirability of exact knowledge of the 
relations of sea-water to heat. We have 
accordingly thought it worth while to 
make observations in order to determine 
the law of the thermal expansion of sea- 
water. 

The only attempt hitherto made to 
solve this problem which can lay any 
real claim to consideration is due to the 
late Professor Hubbard, of the United 
States National Observatory. The re- 
sults of his investigation are contained 





In Maury’s “Sailing Directions,” 1858, 
vol. i. p. 237. 

Muncke, nearly fifty years ago, de- 
termined the expansion of an artificial 
sea-water at various temperatures be- 
tween 0° and 100°C.; but our confidence 
in the results as applicable to natural 
sea-water is affected by the circumstance 
that the solution was prepared from data 
furnished by the imperfect analyses of 
Vogel and Bouillon La Grange. 

The observations of Despretz were 
confined to temperatures below 13°.27, 
as the main object of -his inquiry was 
the determination of the point of maxi- 
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mum density of sea-water. The subse- 
quent investigations of Neumann and 
Rossetti were equally limited, as they 
were undertaken with the same view. 

The water used in our observations 
was collected from the Atlantic, in lat. 
50° 48’ N. and long. 31° 14’ W.; and its 
specific: gravity at 0° C., compared with 
distilled water at the same temperature, 
was found by the bottle to be 1.02867. 

The method of experiment was pre- 
cisely the same as that already employed 
by one of us in determining the expan- 
sion of the liquid chlorides of phosphor- 
us. It was essentially that already used 
by Kopp and Pierre ; i. e. the expansion 
was observed in thermometer-shaped 
vessels (so-called dilatometers), graduat- 
ed and accurately calibrated. 

Three of these instruments and two 
sets of thermometers were employed. 
The latter were made by Casella ; the 
length of a degree in different instru- 
ments varied between 9 and 13 millims.; 
they had been compared (the one set 
directly, the other indirectly) with Kew 
Standards, 

Three perfectly independent sets of 
observations were made with the water 
in the state in which it was collected ; 
and as Mr. Buchanan, of H. M. 8. ‘ Chal- 
lenger,’ has found that the specific 
gravities of different sea-waters lie be- 
tween the extreme values 1.0278 and 
1.0240, and since, in order to be of value 
in the investigation of the physical con- 
dition of the ocean, the observations on 
their values and the formule of reduc- 
tion ought to be correct to the fourth 
decimal place, we diluted quantities of 
our sea-water with distilled water, so as 
to have specimens of approximately the 
specific gravities of 1.020 and 1.025 ; 
and we concentrated a third quantity by 
evaporation until its specific gravity was 
increased to 1.033, and made two series 
of independent observations on the ex- 
pansion of each solution. 

As we wished to confine ourselves to 
circumstances to which sea-water is 
naturally exposed, we did not carry on 
our experiments at temperatures higher 
than 40° C, 

Empirical formule were calculated to 
express the results of each series of ob- 
servations ; and in the original paper 
full details of the observations are given, 
together with Tables showing the agree- 


|ment between the calculated and ob- 


served results, and also (after the neces- 
‘sary corrections and reductions have 
_been made) between the volumes calcu- 
| lated from the formule from different 
series of observations on the same 
solutions. 


Finally, a general formula of the form 
v=O() + xO F() 
was found, giving the relation between 
the volume (v), temperature (¢), and 
specific gravity at 0° C. (s) of any solu- 
tion of the same composition of sea-water 
the specific gravity of which at 0° C. lies 
between 1.020 and 1.033, the volume at 
the same temperature being taken as 
unity ; in which expression 
P (t) = 1+.00008097 t+ .0000049036 ¢ 
—.000000012289 @’. 


x (t) = —10-5 (.5509 t—.020198 
— .00033276 ¢), 
and 

F (8) = 11.95—940 (s—1.02).* 

In the original paper we show that if 
= be the specific gravity at any tempera- 
ture ¢ of a solution the specific gravity 
of which at 0°C. is s, we may without 

: d= 
sensible error assume i to be constant; - 
whence, by means of the above formula, 
we are able to give in the following 
Table all the data necessary for calculat- 
ing the specific gravity of sea-water of 
any degree of salinity at any temperature 
between 0° and 36°. Column II. contains 
the specific gravities at the temperatures 
given in Column I. of a solution the 
specific gravity of which at 0°C. is 
1.02000 ; Col. III. contains the numbers 
which must be subtracted from those in 
Column I. for each increase of 0°.1 over 
the temperatures opposite to which they 
are placed; and Column IV. the num- 
bers which must be added for each in- 
crease of .00001 of the specific gravity 
of the solutions at zero. At the heads 
of Columns III. and IV. are the numbers 
of ciphers which must be prefixed to the 
figures written in them in the unit place. 





* The numerical constants involved in the 
above formula are given in the forms in which 
they were, for facility of calculation, determ- 
ined. The expression can of course be easily 
transformed to the simpler form, o= F, (4)-++8 
F, (¢). 
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Proportional 
parts for 
.00001 in- 
crease in 

spec. grav. 


Propor- 
tional 
parts for 
1° C. 


Specific 
gravity. 


Temperature. 


Proportional 
parts for 
.00001 in- 
crease in 


Propor- 
Specific tional 
gravity. aa 


Temperature. 








.6000 

1 

0.995 
0.990 
0.986 
0.982 
0.879 
0.975 
0 972 
0.969 
0.966 
0.963 
0.961 
0.958 
0.956 
0.954 
0.952 
0.950 
0.948 
0.946 
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In order to facilitate the use of the 
Table, we subjoin directions for its ap- 
plication in the form of rules, and give 
a couple of examples : 

I. Given the specific gravity of a 
sample of sea-water at any temperature 
zt, to find it at 0° C.:—Look out in 
Column I. the figure giving the number 
of entire degrees of the temperature ; 
multiply the corresponding number in 
Ill. by the fraction by which the ob- 
served temperature exceeds that number, 
and subtract the results from the corre- 
sponding number in Column II. Subtract 
the difference from the observed specific 
gravity, and divide the number so ob- 
tained by that corresponding to the 
observed temperature in Column IV. 
without prefixing the ciphers at the top 
of the column) ; add the quotient to 
1.02000, and the sum will be the specific 
gravity required. 

Example I. Specific gravity observed 
at 18°.5 C.=1.02475. Number opposite 
18 in Column. III. is .00023, which mul- 
tiplied by .5 equals .00011 ; and 


1.01763—.00011=1.01752. 


Subtract this from the observed specific 
gravity, 
* 1.02475 —1.01752=.00723. 


Divide by .945 (the number correspond- 





ing to 18.5), and the quotient 1s .00765, 
which added to 1.02000 gives 1.02765 as 
the specific gravity at 0°. C. 

Example II. Specific gravity observed 
at 15° C. = 1.02570. 


1.02570— 1.01827 =.00743, 


and 
.00743 


-952 


=.00780. 


Therefore specific gravity at 0° C. = 
1.02780. 


We next discuss the discrepancies 
which occur between our own results and 
those of Professor Hubbard; and we 
point out various circumstances in the 
methods employed in making and re- 
ducing the latter observations which ap- 
pear to us to explain in a great measure 
the divergences which exist. 


——_.ge——— 


A proposaL is to be laid before the 
Austro-Hungarian delegations for facili- 
tating the navigation of the “ Iron Gate” 
on the Danube. The works will, it is 
estimated, cost about 6,000,000f1., and it 
is proposed to recover this amount by 
levying toll on all vessels that pass. The 
other Danubian States, viz., Turkey, Ser- 
viaand Roumania, havealready expressed 
their entire concurrence in the project. 


- 
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ON THE COMPARATIVE MERIT OF SIMPLE AND COMPOUND 
ENGINES. 


By G. B. RENNIE, Esq., M. Inst. C. E. 


“ Journal of the Royal United Service Institution.” 


Havine been invited by the Council of using the steam advantageously in a 
this Institution to read a paper “ On the | single cylinder, so as to get the greatest 
comparative merit of simple and com-| power out of a given quantity of evapo- 
pound engines,” I will endeavor to lay| rated water, is what would be most in- 
my views before you with as few techni-| teresting to you to form a comparison 
cal expressions as possible. That sucha| with what is called the “compound” 
subject cannot be treated altogether free | engine. 
of such terms, and as I expect that| Secondly. The compound engine, in 
several members present here to-night | contradistinction to the ordinary or sim- 
are of the Navy, who have mostly a| ple engine, has two or even more cylind- 
knowledge of the construction and/ers for using the same steam, that is, 
management of the propelling machine | after the steam has done its duty in one 
on board a man-of-war, I trust your in-| cylinder, it is discharged into another, 
dulgence in allowing me the use of a few | and in some few cases again into anciher, 
professional words. until the maximum effect is obtained out 

It will first be advisable to understand | of the steam by its expansion. 
what is meant by the termssimple and| The usual form of compound engine 
compound engines (those being the|is to have only two cylinders in a com- 
words given by your Secretary). As re-|plete machine, the two cranks being 
gards the “simple engine,” it may be| placed at right angles with each other, 
either taken as the simplest type of|as with the “simple engine,” but they 
steam engine in ordinary use, such as|are not unfrequently made with four 
with a single cylinder, without separate | cylinders, viz., one large and one small . 
appliances for “cutting off” the steam|to each crank. The proportion of the 
to allow it to expand more than is due/large to the small cylinders in either 
to the ordinary “cut off” made by the|system depends on the steam pressure 
slide valve, and to discharge the steam| used, the amount of its expansion, and 
so used direct into the atmosphere; or} whether especial mechanical arrange- 
it may be considered an improved form| ments are made for cutting off the steam 
where the steam is expanded to its ut-| by independent valves, or merely allow- 
most by the use of separate expansion-|ing the steam to expand, according to 
valves, or by utilizing the steam dis-| the'relative volume of the two cylinders. 
charged by heating the feed water, or|The usual proportion is, however, three 
improving the draught of air in the/|or four to one. 
furnace, by turning the discharged steam} Examples of the first arrangement are 
into the chimney by what is known as|the “Briton” and “Tenedos,” similar 
the “blast,” or by condensing the dis-| ships of 350 nominal horse-power. The 
charged steam either by direct contact| results of the trials of these two ships 
with cold water, or what is known as|may be said to have commenced, the 
surface condensation, and finally taking | compound system being adopted in the 
advantage of the steam so condensed in| Navy, though the “Sirius” and -“ Spar- 
creating a vacuum by the application of! tan,” of similar horses’ power, had been 
an air-pump to discharge the air and|tried some time previously. These two 
condensed steam. Though all these|are of the second type of compound 
forms of engine, each of which is ajengine above described, each crank 
gradual improvement on the efficiency | having a large and a small cylinder 
of the machine, may be taken as the| working on it. 

“simple” marine engine, yet I am in-| The results of the “ Briton’s” trials are 
clined to think the latter, which may be} published in the “Transactions of the 
considered as the most improved type of | Society of Naval Architects,” from a 
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paper I read at a meeting of the Society 
held in March, 1871.* The consump- 
tion of coal at full power was slightly 
under 2 1b. per indicated horse-power per 
hour, the best result being obtained 
when working about half power, when 
only 14 lbs. was burnt per indicated 
horse-power. A nearly similar result 
when working full power was obtained 
with the compound engine for driving 
the new pumping machinery at Chatham 
Dockyard. Arrangements were made 
for measuring all the steam used in the 
engines by discharging it, after it was 
condensed into water, into two tanks. 
The power by the indicator was taken 
every ten minutes, The total time of 
working the engines was a little over 34 
hours, and it was found that 18.92 lbs of 
water were used in the shape of steam 
per indicated horse-power per hour ; and 
as the coal used, viz., “Fothergill’s 
Aberdare,” has, according to Admiralty 
experiments, an evaporative power of 
9.73 lbs. of water per lb. of coal, this 
would give (taking the steam used as 
the basis of calculation) a little under 2 
Ibs. of coal per indicated horse-pawer 
per hour. 

I have here a table of the comparative 


consumption of coal of different kinds of 
engines. This comparison was made a 
few years ago, and from further obser- 
vations I think it is, on the whole, a 
pretty fair one.t 

. There may be many engines of each 
kind which may consume more or less 
than stated ; but supposing them to be 
all under the same usual conditions, both 
as to manufacture, kind of coal, and 
other circumstances, I believe it is not 
far from correct. 

Since this table was made out, I have 
had a most satisfactory opportunity of 
comparing the results of the coal con- 
sumed between the ordinary or simple 
injection engine working with 25 lbs. 
steam in the boilers, and the same 
engine, after being compounded, work- 
ing with about 55 Ibs. steam in the 
boilers. 

The “ Minia,” was a screw steamer of 
200 nomjnal horse-power. The cylinders 
were 54 inches diameter, with a stroke 
of 3 feet 4 inches. The number of revo- 
lutions of the screw propeller was about 
60 per minute. The engines were the 
ordinary overhead construction, with in- 
jection condensers and boilers for work- 
ing with 25 Ibs. steam pressure. The 








* Particulars taken from the Reports of the Official Trials of the Compound En- 


/ 





Mean 
speed of 
ship in 
knots. 


Date of Trial. 


Pressure 

of steam 

in engine 
room. 
+. 


gines of H. M. 8.“ Briton” for six hours’ steaming. 


Time of 

steaming 

with 240 
tons. 


Coal per 
horse- 
power 

per hour. 


Indicated 
horse- 
power. 


Revolu- 
tions per 
minute. | 


| 





12.767 
10.026 








51.91 
50.00 


92.649 
67.308 | 


2,018.3 
660.58 


1.98 
1.3 


54 days. 





26 days. 














+ Comparative Consumption of Coal of different Types of Engines. 





Type of Engine. 


Days and Hours 
steaming with 
240 tons of coal. 


Per H. P. 
per hour. 


Tons 
per diem. 








. Improved compound 
. Ordinary type with surface condensers 
and superheaters an 
. Ordinary injection 
High pressure 





Days. Hours. 


t 


11 
21 








5 
3 
2 
1 
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. 
average consumption of coal was at the 


rate of 33 tons per 24 hours, with a 
maximum consumption at full power of 
45 tons per diem. The engines were 
“compounded ” by my firm, by placing 
small cylinders of 27 inches diameter on 
the top of the existing cylinders. A 
surface condenser was also added, 
and one of the existing air pumps was 
converted into a cold water circulating 
pump. Four new boilers, adapted for 
60 lbs. working pressure, were also sup- 
plied. The rest of the engine, including 
the screw-propeller, remained as before, 
and the result has been that the average 
consumption at sea has been reduced to 
17 tons per diem (equal to about 2} per 
indicated horse-power), with a maximum 
consumption of 24 tons when working 
full power, and the revolutions of the 
screw propeller, and consequent speed of 
ship, has been slightly increased. That 
is, the coal consumption has been reduc- 
ed nearly one-half since the engines have 
been “compounded.” 

I may also cite another example of the 
comparison between the ordinary injec- 
tion engine and a new compound engine 
which had been substituted for it. ‘The 
“Pera,” a screw vessel belonging to the 
Peninsular and Oriental Company, had 
formerly vertical geared engines of the 
injection type, which were considered 
very economical in their day. 

The nominal power was 450 horses, 
and gave an average yearly speed of 10.4 
knots per hour, with a consumption of 
43 tons per diem. New engines were 
placed on board, of the compound type, 
and the ship ran from Brindisi to Alex- 
andria, with the Indian mails, making an 
avetage somewhat over 104 knots, with 
an average consumption of about 24 tons 
of coal per diem. This is an example 
where both engines are by the same 
makers, with equally good manufacture, 
and the same engineer management on 
board, and the ship navigating the same 
seas. 

As an instance what can be done in 
making a long sea voyage entirely under 
steam, with a small-sized ship with 
compound engines, I may mention that 
of a dredging vessel of 160 feet in length, 
and 28 feet beam, fitted with twin screws 
and compound engines of 70 nominal 
horse-power, having made the voyage 
from Tendon to Buenos Ayres in 46 





days, stopping only once, namely at 
Madeira, to fill up with coal; that she 
steamed a distance of about 5,000 miles, 
between Madeira and Buenos Ayres, in 
36 days, without taking in fresh coal. 
Had the ship had the old elass of en- 


| gines, she would have been obliged to 


have made the voyage under canvas, or 
to stop at intermediate ports to take in 
coal. 

It will be understood that such a radi- 
cal change in the propelling machine of 
a ship, enabling her to be steamed nearly 
double the distance with the same 
weight of fuel, is so important in its 
effects on ocean steam navigation, that 
one can hardly be surprised at the de- 
mand there has been in the mercantile 
world for ship engines of the new type ; 
but the increased number of steamers 
and accelerated trade thereby, so in- 
creased the demand for coal, which was 
not supplied in the same rapid rates as 
the ships and engines, and so augmented 
the price of it, that the money equiva- 
lent from the reduced amount of coal 
used in each ship has not been realized 
to what was expected, and has unfor- 
tunately now caused a considerable 
stagnation in the shipping trade. 

The improved result in point of con- 
sumption of coal of the compound en- 
gine over the old type engine, is not due 
entirely to making the steam do duty in 
two cylinders instead of one, but to the 
different conditions in which the steam 
is used, viz., to the greater boiler and 
initial pressure used in the cylinders, 
and to expanding it to a much greater 
extent than formerly, in order to get the 
full duty out of it. The question of the 
relative advantage of expanding steam 
in one cylinder or two has been a con- 
troverted one with engineers for many 
years, especially as regards land engines, 
where the higher pressures had been 
more frequently used ; but I think it is 
now pretty well agreed on all sides by 
those who have studied the subject, 
that where the pressure of steam, amount 
of expansion of same temperature, and 
dryness being also alike, and with equal- 
ly good manufacture and superintend- 
ence, that the fuel consumed per indi- 
cated horse-power, is practically identi- 
cal in both systems.* 





* That is, when the pistons are of so good a construc- 
tion as to be practically tight ; but should that not be the 
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We have adopted the compound en-| that machine which gave the more steady 


gines for many i in 1842 we sup- 
lied them for Messrs. Cubitt & Sons, 
ndon Dock pumping engines, Royal 
Arsenal, and many others. The engines 
on this plan are usually called “double 
cylinder beam engines,” and work with 
about 60 Ibs. in the boilers ; our prefer- 
ence for this engine being that the strains 
were more uniform and less severe, and 
the rotatory motion more equal. The 
consumption of coal I find in referring 
to some old examples, was about 2} Ibs. 
per indicated horse-power, or about the 
same that is realized in a good compound 
engine. 

t is always a difficult matter to get 
good examples of a fair comparison be- 
tween two classes of engines, but as re- 
gards land engines, I may quote the trials 
between the simple and compound en- 
gines made at the New River Water- 
works Company, where, I believe, as far 
as consumption of coal was concerned, 
there was practically no difference in the 
two systems. As regards marine en- 
gines, the comparative trials between the 
“ Goshawk” compound and the “Swing- 
er” simple, with two cylinders of equal 
size, will be in the recollection of many, 
but it may be well to state the leading 
particulars. These two vessels were of 
like tonnage and horse-power, the trials 
were of six hours’ duration, and took 
place at the same time and place. The 
average power of the “ compound” was 
374.2 horses, at a consumption of 2.6 
Ibs., and the “simple” was 364 horses, 
at 2.61 lbs. per square inch. After the 
trials to test the coal were completed, 
the speed of each vessel was ascertained 
on the measured mile, which showed the 
“ compound ” vessel to be making 10.419 
knots, whilst the “simple” only made 10.14 
knots. The greater speed of the former 
may probably be due in part toa slight 
excess of engine power; but I am in- 
clined to think that more is due to the 
more uniform distribution of the power 
round the path of the crank, and that 





case (which is not uncommon) I think it highly probable 
5 


that with the simple engine, with 60 or 70 lbs. on one 
side of the piston and a vacuum on the other, a much 

consumption of steam and coal will take place than 
wi e compound cylinders, where the pressure is at 
the boiler pressure on one side of the piston, and some 
5 or 10 Ibs. above atmospheric pressure on the other; 
moreover, should any | of steam take place by the 
high-pressure piston, it wlll have a chance of being used 
in the low-pressure cylinder before being discharged into 
the condenser. 





and uniform motion to the propeller, 
pushed the ship the fastest through the 
water. 

The compound engines of the “ Briton” 
I found to be even more uniform than 
those of the “Goshawk”; the pressures 
in that case varied from 7.91 tons to 
17.16 tons, or the highest was only 2.1 
times that of the lowest. 

I believe the question of a uniform 
tangential force is of more importance 
than is often considered, both for propel- 
ing the ship, as well as for the less lia- 
bility to rupture of the different work- 
ing parts which rupture is more often 
due to suddenness and change of strain 
than to a constant steady pressure. 

Taking the above named pressures in 
each class of engines, I found by keeping 
the shafts and other working parts of 
equivalent strength, which would proba- 
bly give a total weight of somewhat 
under five per cent. for the pressures 
they had to sustain, that the simple en- 
gine was about one-tenth heavier than 
the compound engine, of course, irre- 
spective of boilers, which would be com- 
mon to both. 

To show how important it is to take 
into consideration the tangential forces 
in the crank-path, I found, in making 
different calculations for finding the best 
position to place the cranks of the com- 
pound three cylinder engines of the 
“Boadicea” and “ Bacchante,” of 5,250 
horse-power each, that if the cranks were 
placed at equal angles between them, 
the shaft should be 18 inches diameter, 
but if placed with the two low-pressure 
cranks opposite to each other, and the 
high-pressure crank at right angles to 
them, that the shaft need not be more 
than 16 inches to be of equal strength to 
transmit the same total power. 

The simple engine, or engine with two 
cylinders of the same size, working with 
a pressure of from 60 to 70 Ibs. direct on 
the pistons, has been tried in more than 
one Transatlantic Company. One of 
them had, I believe, four vessels with 
such engines, but it waseventually found 
necessary to reduce the pressures some 
20 lbs. per square inch in consequence of 
the crank-shafts continually breaking, 
but, according to the usual mode of cal- 
culating the strain on the shafts, they 
ought to have been amply strong enough 





MERIT OF SIMPLE AND 


COMPOUND ENGINES. 447 





for the intended pressures, and I can 
only account for it by the sudden and 
irregular strains on the shafts due to the 
high initial pressure and early “cut 
oO had 

It has been supposed by some that the 
weight of the screw propeller is sufficient 
to act as a fly-wheel to give an equitable 
rotative motion in propelling the ship ; 
but I think that any one who has observ- 
ed the working of a powerful engine on 
board ship must have seen that such is 
not the case: there is usually one part 
of the revolution of the shaft that ap- 
pears to have greater power exerted 
through it, and it is felt in the motion of 
the ship. It has always appeared to me 
that I have felt less motion with the 
compound engine than with the old 
type. 

One objection that has been used with 
reference to the compound engine is, that 
the low pressure cylinders in engines of 
great power become of so large a size as 
to render the castings excessively heavy, 
and that many of them have cracked 
after being in use. This difficulty is in 


a great measure obviated by making an 
inside liner of a separate piece from the 
body of the casting, and forming a space 


between them for a steam jacket, instead 
of casting the whole in one. The system 
of having two low-pressure cylinders to 
one high-pressure cylinder, as in the 
“ Boadicea,” or by having two low-press- 
ure cylinders and two high-pressure 
cylinders, as in the “ Minia” type, also 
prevents any objection on that score. 

It has been sometimes asserted that 
the increased surface subject to radiation 
in the compound cylinders has tended to 
a loss of heat; but on the other hand 
it must be remembered that the increas- 
ed size also gives an increased surface 
of steam jacketing to warm up the steam 
inside the cylinder. 

Some interesting particulars have late- 
ly been published with reference to the 
trials made with the engines of the 
United States’ Coast Survey steamer 
“Bache.” These seem to have been 
made with and without a steam jacket 
on the compound cylindérs compared 
with the same pressure of steam (80 lbs. 
per square inch), used in a single cylin- 
der alone, also with and without the 
steam jacket. The high-pressure cylin- 
der was about 16 inches diameter, and 





the low-pressure 25 inches, stroke in 
both being 2 feet. The results, without 
steam in the jackets when working as a 
compound engine, appear to indicate 
that there is not any material difference 
in the consumption of steam and coal 
per indicated horse-power by using the 
different grades of expansion, which 
varied from 5.6 to 9.14 times total ex- 
pansion, with a consumption of coal only 
varying from 2.54 lbs. to 2.6 lbs. per in- 
dicated horse-power per hour. Whereas 
when the single large cylinder alone was 
used without the steam jacket admitting 
the steam pressure of the boiler, viz., 80 
lbs. per square inch, direct on to the 
piston and “cutting off” by means of an 
independent valve, the consumption per 
indicated horse-power appears to increase 
when the expansion of the steam is 
greater, that is, with a ratio of expansion 
varying from 5.3 to 11.8 times. The 
coal per indicated horse-power varies 
from 2.874 lbs. to 3.84 Ibs.; but when 
steam was admitted into the jackets (and 
selecting two trials from each series of 
experiments which more favorably com- 
pare), the compound cylinders had a 
ratio of expansion of steam of 5.7 and 
9.19, with a corresponding consumption 
of coal of 2.23 and 2.26 lbs. respectively, 
and with the single with steam in the 
jacket with an expansion of 5.1 and 8.57 
times and a consumption of 2.53 and 
2.638 respectively, that is, the result is 
rather in favor of the compound engine 
in point of consumption of steam and 
coal. That this is due to any advantage 
of expanding the steam in two cylinders 
instead of in one I am not inclined to 
think, but probably to some difference in 
the vacuum, coal, or stoking, besides the 
slight difference in the expansion, or to 
leakage of steam by the piston. 

The initial pressure on the large piston, 
after the steam has done its duty in the 
small one, is given as 18.99 lbs. (say 20 
Ibs.), but when the steam is acting direct 
on the large piston for working on the 
simple plan, then the initial pressure is 
as high as 90.14 lbs. (say 90 lIbs.), the 
average revolutions in the first case be- 
ing 48 and the second 464, the horse- 
power being 77.45 and 74.6 respectively. 

It may therefore be said with the same 
horse-power and same number of revo- 
lutions that the total pressure on the 
compound cylinder would be 1 and on 
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the simple cylinder 44 ; but supposing— 
to fairly represent the difference—there 
were two cylinders at half the size to) 
compare with the two cylinders of the | 
compound engine, the proportion of the | 
pressures would be as 2} to one, and the | 
working parts would have to be increased | 
at least in corresponding proportion to) 
be of equal strength to the parts of the | 
compound engine. 

In. actual practice in marine engines, | 
it may happen that the smaller diameter 
of the “simple engine” may be still 
further reduced, in consequence of the 
form of the ship admitting of the cylin- 
ders being placed more in the wing, 
which may still further enable the diam- 
eters to be reduced and the stroke in- 
creased in proportion. 

It seems to me that the compound en- 
gine must be looked on in the light of a 
most convenient mechanical arrange- 
ment for working with a high pressure 
of steam and great expansion; and 
should very much higher pressures than 
60 or 70 Ibs. per square inch come into 





use—and I believe it has been proposed 
to make some engines for the navy for 
working with from 250 lbs. to 300 Ibs. 
pressures—it seems to me that some sys- 
tem of compound must of necessity be 
adopted, and that with three or more 
cylinders in lieu of two, as is now 
usual. 

The following, I therefore think, may 
be the summary of the comparative 
merit of the simple and compound 
engine : 

ist. With equal amount of pressures, 
expansion, dryness of steam, the coal 
consumed will be practically identical in 
both systems, supposing the pistons 
tight. 

2nd. When equal power is obtained, 
the working parts of the simple engine 
will have to be heavier than the com- 
pound. 

8rd. The strains on the compound 
engine being more uniform, there will be 
less liability to fracture in the working 
parts. 

4th. The simple engine with two 
cylinders of the same size will have the 
advantage of having fewer pieces of 
spare gear to stow away. 


5th. The simple meee having each 














cylinder independent of the other can be 
more readily worked with one engine 


than with the compound engine, should 
one engine be disabled. 
_ 6th. For the same power of engine, it 
is probable that a greater speed of ship 
may be obtained with the compound en- 
gine than with: the simple engine. 

7th. If much higher boiler-pressures 
come into use than are now usually 
worked, the compound engine will have 
to be exclusively adopted, on account of 
the better mechanical arrangements which 
can be made for working with a high de- 
gree of expansion. 


—-2-—_—_ 


Iron Ore in THE Soutn or Russia. 
—These new fields (recently discovered) 
of beautiful iron ore are situated partly 
in the Verchni-Dnieprovsky district of 
the Ekaterinoslaw Government, partly 
in the Elizavetgradsky district of the 
Cherson Government ; iron ore is found 
here on the rivers Saksagane and In- 
gouketz, near the village Krivoy-Rog. 
About twelves miles from this place on 
the river Saksagane, near the village 
Tchervonnaia-Balka, large quantities of 
red hematite are found. Immense lay- 
ers of hematite, 100 feet thick, are situ- 
ated near the river Ingouletz and the 
village Doubovaia-Balka. The best 
layers of iron ore are the following : 

(1) On the left side of Ingouletz and 
on the right of Saksagane, between the 
village of Kirvoy-Rog and Doubovaia- 
Balka, is a layer of iroastone 120 feet 
thick ; the results of the analyses are : 
Oxyde of iron, 68.40 per cent. ; manga- 
nese, 0.50; silica, 22.10 ; alumina, 3.00 ; 
lost from ignition, 6.00 per cent. ; total, 
100.00. 

(2) On the left side of the river Sak- 
sagane a layer of red hematite 42 feet 
thick ; gives 62.5 per cent. of oxyde of 
iron. 

(3) On the same river Saksagane exist 
layers of magnetic iron ore and of brown 
hematite ; a sample of the latter ana- 
lyzed gave the following average com- 
position: Oxyde of iron, 73.40 per 
cent. ; manganese, 1.30; silica, 18.03 ; 
alumina, 2.25 ; lost from ignition, 5.02 ; 
total, 100.00 per cent. 

It is estimated that the new fields of 
iron ores contain altogether 90,000,000 
tons of ore. There is a railway going to 
be constructed to these mines, and some 
blast-furnaces are to be erected. 
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THE BEHAVIOR OF METALS UNDER REPEATED STRAINS. 


By LUDWIG SPANGENBERG, Professor der Konig]. Gewerbe Akademie Zu Berlin. 


Translated for VAN NosTRAND’s ENGINEERING MAGAZINE. 


I. 


Iy vols. X., XTIL., XVI. and XX. of 
the Zeitschrift f. Bauwesen are publish- | 
ed the experiments of A. Wéhler upon | 
the strength of iron and steel, with a/| 
description of the apparatus used, a 
statement of his views of the laws, and 
a mathematical comparison of the differ- 
ent kinds of resistance. Afterwards 
Wohler, induced by the novelty of the 
results obtained, requested the Industrial 
Bureau to authorize the repetition of his 
experiments. At the suggestion of Prof. 
Reuleaux, the writer was intrusted with 
the investigation. 

We quote the laws deduced by Wohler, 
and give a brief account of his processes. 
He says : 

“Rupture of material may be caused | 
by repeated vibrations, none of which at- 
tain the absolute breaking limit.” 

Assuming the lower limit of tension 
at zero, it follows from this law that the 
number of repeated strains necessary 
for rupture is inversely proportional to | 
the greatest tension borne by the fibres 
which are subject to greatest strain. 

Wohler’s apparatus was of four kinds: 

1) For rupture by repeated load. 

2) For repeated bending in one direc- 

tion of prismatic rods. 

(3) For experiments on loaded rods 

under constant bending strain. 

(4) For torsion by repeated load 

(strain). x 

The power was transmitted by a shaft 
to (1), (2) and (4) by means of an eccen- 
tric ; to (3) by a drum on a steel shaft 
having ends with conical bores, into 
which the piece subjected to torsion was 
‘fastened with an apparatus of screws. 

Apparatus (2) is shown in the diagram 
(Fig. 1). 

he - to be tested rests upon the 
supports @ and a, which are connected 
with the link pieces a4 and a, 6,; the 
latter turning at 4, in the cast iron block 
¢; the first being attached to the short 
arm of the lever de. The spring dy- 








nanometer ve which can be stretched 
Vout. XIV.—No. 5—29 


within certain limits by screws at g 
and /, prevents the long arm from ris- 
ing when the short is loaded. The 
strain is applied by means of the ec- 
centric-rod 7 This is connected with 
the lever 7m, whose fulcrum is at & ; so 


Fie. 1. 




















that when the rod rises the end m de- 
scends, and transmits a bending strain 
through mn to the rod V, then to / and 
6. Six of these machines are set upon 
the beds O and O; soas to be operated 
by the same rod ¢. If each of the six 
test rods is to be subjected to maximum 
strain, the dynanometer / operates as 
follows : 
Let S'=the required maximum tension 
per square unit. 
b=the width of the test-rod. 
h=the depth of the test-rod. 
aa,=l. 
P=the required strain at the mid- 
dle ; then we have 


4, bh 
P=.8 
b ot 
This force is borne equally at « and a,, 


P : 
so that at 5 acts downward, and is 


balanced by the tension S of the dynanom- 
eter and the excess of weight of the rod 
de. If His the weight of the lever re- 


. d il 
duced to the point A, then Thon 


P 
And S= — iH. 
7 
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As long as the f strain & on mn is less | 


than P, the point @ must be regarded as 
fixed, and the rod V bends ; but when & 
is greater than P, the point 6 yields, 
and while the rod is under bending 
strain there is a rotation of V about a,, 
which is shown at the end of the lever 


é. 

The rod mn has at the top a stirrup 
through which passes the rod to be test- 
ed; and at the lower end is a slot in 
which is fixed a pin attached to the lever 
#m, so that when the rod 7 rises a down- 
ward pull is caused ; but when it de- 
scends the rod is set free and is restored 
-by its own elasticity to its first position. 
In the middle of the rod mn is a screw 


with a nut to adjust the length, so that 
only for a moment before the point x 
reaches its lowest position, does the 
point @ descend. The tension is there- 
fore maintained for a very short time. 

If the tension is to be restored, not to 
zero, but to some minimum value, the 
screw q is set down so as to keep the rod 
bent the required amount. 

In a similar way the limiting strains in 
apparatus (i) and (4) are determined, 
while in (3) the constant deflection of the 
rod is produced by a spring dynanometer 
J (Fig. 2). 

ach fibre, except those lying in the 

neutral plane, was subjected first to com- 





pression, then to tension. 


Fie. 2. 









































Wohler, after testing a metal to the 
limits of elasticity and rupture in the 
ordinary way, had rods made of the 
same metal, and subjected the first test- 
rod of each set to a tension nearly 
equal to the absolute rupturing strain. 
Each successive rod of the same set of 
experiments was subjected to a dimin- 
ished strain. It appeared that the num- 
ber of strains required for rupture in- 

- creased much more rapidly than the 
strains diminished. 

Diminish the intensity of the strains 
until the number is reached which a 
member of any structure, subjected to 
repeated stresses, may bear before 
becoming crippled, and introduce a 


safety factor : (which Wohler makes 4) 


and we have the value of the permissible 
strain. The practical proof strain is thus 
directly determined. 

Wohler found that a rod of Krupp’s 
cast steel, under a maximum tension of 
300 Ctr. per square inch (German), was 
broken in apparatus (3) after 4,500,000 


revolutions. If this metal were used in 
an axle which had to make 30,000 rota- 
tions per day, or 9,000,000 per year; 
then for five years’ duration (with co- 
efficient 4), the working strain would be 
150 Ctr. per square inch. Another ex- 
periment showed that‘a rod of Phenix 
iron after a maximum strain of 160 Ctr. 
per square inch after 132,250,000 revo- 
lutions was still in working condition. 
Wohler concludes that the working 
strength of iron suffering alternate com- 
pression and tension is 80 Ctr. per square 
inch, for a structure intended to be per- 
manent. 

Numerous experiments establish Woh- 
ler’s second deduction that : 

Differences of strains at the extremes 
of vibration are a sufficient cause of rup- 
ture of continuity ; and the absolute 
magnitude of extreme strain is effective 
only in this respect ; that as the strain 
increases the differences which are sufli- 
cient to cause rupture become less. 

The experiments show that vibrations 





may take place between the following 
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limits of strength with equal security 
against rupture by tearing or crushing. 


| 
| 


bet. + 160 Otr. and — 160 Ctr. 
bet. +300 Ctr.and—0O Ctr. 
bet. +440 Ctr.and + 246 Ctr. 
Strain per square inch. 


bet. + 280 Ctr. and — 280 Ctr. 
bet.+480Ctr.and 0 Ctr. 
bet. +800 Ctr. and + 350 Ctr. 
Strain per square inch. 


bet.+500 Ctr.& 0 Ctr. 
Steel bet. + 700 Ctr.& + 250 Ctr. 
not bet. + 800 Ctr.& + 400 Ctr. 
hardened. | bet. +900 Ctr.& + 600 Ctr. 
Strain per square inch. 


And for shearing resistance : 
Axle Steel { bet. + 220 Ctr.& — 220 Ctr. 
Cast. bet.+380Ctr.& 0 Ctr. 
Shearing stress per square inch. 


Pieces which are subjected to alternate 
pull and thrust, as piston rods, &c., must 
be about 9.5 stronger than those bearing 
but one kind of stress. 

In the Zeitchr. f. Bauw. for 1870, p. 
87, Wohler says: 

“The results of the experiments give 
the following working strains for perma- 
nent structures :—(a@) For forge iron 
strained in both directions 80 Ctr. per 
square inch ; in one direction, 180 Ctr. 
per square inch, of which 150 Ctr. at 
the most may be due to the variable 
load. 

“Tf the constant strain is less than 30 
Ctr., the permissible working strain is 
diminished. 

(5) For cast steel not hardened, 
strained in both directions, 120 Ctr. per 
square inch; strained in one direction, 
greatest total strain 330 Ctr. per square 
inch, of which 220 Ctr. at most may be 
due to the variable stress. (The figures 
apply only to dressed rods.”) 

aving given an account of the nature 
and results of Wohler’s experiments and 
of his conclusions, we now pass to our 
own experiments. 

In November, 1872, we tested the 
Phosphorbronze of Kiinzel from Hoper’s 
Works at Iserlohn. At the same time 


| 
} 


Spring 


Axle 
Steel 
Cast. 


comotive axle; the results of experi- 
ments on these are given in Tables IT. 
and VIII. 

Few experiments could be made with 
Machine IV., because but one bar could 
be tested at onetime. But the results 
are worth recording (Table IX.), because 
they indicate a valuable property of 
phosphorbronze. 

The diagrams annexed apy to 
the tables. With regard to his Table L, 
Wohler says :—“The number of rota- 
‘tions before rupture increases inversely 
as the strain. The irregularities, whic 
must be attributed to the want of homo- 
geneity of material, are so great that no 
certain law can be derived from this set. 
The deviation is greatest at 220 Ctr. 
Ignoring this case, it appears that the 
number of rotations increase more rapid- 
ly in geometric progression than do the 
loads in arithmetical. With the greatest 
strain the number of rotations doubled 
for a difference in load of 24 Ctr.; and 
it doubled with the lowest strain for a 
difference of 10 Ctr.” 

To make this clear, Fig. 6 is drawn, in 
which the strains are laid off as abscissae, 
and the number of rotations before rup- 
ture as ordinates. This may be easily 
represented as a curve by leaving out the 
uhcertain point u (220), and connecting 
the extremity of the ordinate of 240 with 
that of 200. It is not necessary to re- 
gard the point w as taken too high ; for 
although u, would be too low, still 
we should have a curve agreeing with 
Fig. 10. Finally, « may be regarded as a 
reversion-point, the curve having a form 
agreeing with that shown in Fig. 11. 

hich of these three hypotheses is most 
probable can be only determined by at 
least three complete sets of experiments 
with the same material ; Wohler having 
made but one set, except in particular 
cases of great doubt. As we shall often 
'refer to these curves, we only remark 
here that the most interesting of the 
tables are illustrated in Figs. 1 to 9 on 
the diagram sheet. 

Table II. contains Wohler’s results 
showing the inequalities of Firth & Sons’ 








tests were made of common bronze from | tool steel; which is a matter of sur- 


the Neptune Continental Works. 
results are given in Tables III., VI. and 

In 1873, we received 52 cast steel 
bars from Krupp, cut by him from a lo- 


The | prise when it is known that the sections 
|of rupture were homogeneous in appear- 


ance. Weattribute the fact to the pres- 


| 
/ence of a large percentage of carbon ; 


the steel being intended for tooJs, not. 
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for axles. For this reason we have not} mainder were heated dull-red, and were 

subjected it to continued torsion. cooled slowly under warm ashes, so 
A decided difference in hardness ap-| that the hardness was made more uni- 

peared in rods 3 and 4; so that the re-| form without affecting the strength. 
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Tables III. and IV. show that Kunzel’s | 7. e. cold-beaten phosphorbronze does not 
phospkorbronze has much more strength|seem to have as much strength as that 
than common bronze and brass. Wrought, | which is cast. Wrought phosphorbronze 
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shows a very rough, irregular fracture,| bronze and brass more resemble iron. 
while the cast breaks with a surface like| Brass is hardly om equal terms with 
that of cast-steel, indicating homogeneity | phosphorbronze in respect to absolute 
of material. In this respect, common|strength; there is a closer equality in 


A. Repeated Srretrcarine. I. to III. 


Taste I. 





1872-4. Westphalia Iron. Wohler’s Tab. X. Pheenix Iron. 





Maximum Strain 
per square inch 
Ctr. 


| 

{Maximum Strain 
. | per square inch 
Ctr.* 


No. of rotations 
before rupture. 


No. of rotations 
before rupture. 


A 
° 





4700 
83199 

33230 
136700 
159639 
180800 
596089 
433572 
280121 
566344 


800 
106910 


340853 
409481 
480852 
10141645 


480 
440 


400 
360 
360 
320 


SWOMAMAUISwWMW Re 





i 




















* The Centner (Ctr.) = 110 lbs. English. | 9 and 10 showed welding joints. 


Tassie II. Sreet. 





Wohler’s Tab. XI. 





1872-4. Firth & Sons’ Steel. | Krupp’s Axle Steel. 


Krupp’s Axle Steel. 





Max. Str. | No. of ten- 
per sq. in. sions before 


Ctr. 


Max. tens. 
per sq. in. 
r. 


No. of ten- 
sions before 
rupture. 


Max. Str. 


No. of ten- 
sions before 
rupture. 


| rupture. 





18741 
46286 
170000 
123770 
473766 


83319 
168396 
133910 
185680 
360235 
186005 
103540 

Sound after 
12,. Mil. 


229230 
480 692543 

| Sound after 
460 | 12,, Mil. 








Sound after 
13,, Mil. 
Sound after 
12,2 Mil. 


oS DBD NAO wWMWe 


i 
— 








11 








| 
| 
| 











1 and 2 and 5-11 were heated a little and cooled very slowly ; 3 and 4 were as 
they came from the rolling mill. 


respect to bending. With axial strain,;) when the tension rod was shortened ; 
common bronze and brass broke at 200} but under transverse load with equal 
resp. 150 Ctr. maximum fibre tension! maximum tension, they bore millions of 
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stresses. It is obvious that it is not safe|be the same under different kinds of 
to infer that the behavior of a metal will! strain. Hence, we cannot agree with 


Taste III. Bronze anp Brass. 





a, Phosphorbronze (unworked). 6. Phosphorbronze (wrought). 





Maxi. Strain | No. of rota- Max. Strain | No. of rota- | 
No. | per square in.| tions before . | per square in.| tions before 
tr. rupture. Ctr. rupture. 





250 147850 _ — 
200 408350 53900 


Sound after 
150 2731161 2,, Mil. 
125 1548920 é 1621300 
125 2340000 




















No. 3 was very hard. 





ce: Common Bronze. 





200 0 nie 
200 4200 200 

150 6300 150 0 
100 5447600 100 53000 














No. 1 broke by shortening of tension | 1 and 2 broke before 200 and 150 Ctr. 
rod before 200 Ctr. 


B. REPEATED BENDING IN ONE DrreEcTION. TABLE IV. To VI. 
TABLE IV. 





Wohler’s Tab. V. Wohler’s Table VI. 


Westphalia Iron. Pheenix Iron. Homogen. Iron. 





; 

Max. Str. |No. of bend-f Max. Str. |No. of bend-] Max. Str. |No of bend- 

per sq. in. | ings before | per sq. in.|} ings before } per sq. in.| ings before 
Ctr. rupture. Ctr. rupture. Ctr. rupture. 





= ~ 169750 .- 
420000 


475 612065 — 475500 
450 457229 481975 1234600 
425 799543 
Sound after 
400 1493511 1320000 34500000 
860 3587509 4035400 
Sound after 
820 8420000 


Sound after 
800 48200000 





























Wohler that it is sufficient to make ex-| Table IX. confirmsour opinion Com- 
— in one kind and deduce results| parison of Tables III.-with I. and IL. 
or others. shows that phosphorbronze under 250 
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Ctr. does not stand as many extensions 
as Phenix or Westphalia iron under 400 
Ctr. and steel under 600 Ctr. Compar- 
ing Table VI. with Tables IV. and V., 
we observe that phosphorbronze at 200 
Ctr. tension does not bear as many bend- 
ing strains as Westphalia, Phenix or 
a. Iron at 400 and steel at 500 
Ctr. e torsion tables show that phos- 
phorbronze has a greater resistance to 
torsion than Krupp’s cast-steel and West- 





phalia iron. This result was so surpris- 
ing that we interrupted Test 3 in order 
to substitute the new rod of Test 4. 
Still we were in doubt, and therefore 
substituted experiment 5, which confirm- 
ed the previous results. Should further 
experiments give like results, then phos- 
phorbronze, which is little affected by 
the action of sea water, must be em- 
ployed in the axles of propeller screws. 
The profiles of Fig. 5, correspond to 


TABLE V. STEEL. 


Wohler’s Table 
II. a. Krupp’s 





Wohler’s Table 


1872-4. 1873-4, 
Firth & Sons’ Steel. | Krupp’s Axle Steel. VIL 5. Bochumer 


Axle Steel. 


Verein Axle Steel 





Max. Strain 
per square in. 
No. of bend- 
ings before 

rupture. 


No. of bend- 


= per square in, 


Q Max. Strain 


oe 


ings before 
rupture. 


Q Max. Strain 
5 per square in. 
No. of bend- 
ings before 
rupture. 

Q Max. Strain 
= per square in. 
No. of bend- 
ings before 
rupture 


> 





ao 


281856 
26655 6 


1479908 


gllg 


578328 


5640596 6 
Sou’d after 
13,; Mil. 




















443800 
423400 
513000 


1177400 
| 1185100 


\Sou’d after 
1,7 Mil. 


Sou’d after 
425 | 1,, Mil. 


104300 
817275 


612500 


1762306 
1031200 
1477400 
5234200 
Sou’d after 
40,, Mil. 


729400 
1499600 





| 


'Sou’d after 
43 Mil. 





| 
| 
| 
| 














1-5 incl. were heated a little, . 
and cooled very slowly. 


5 broke accidentally. 


TABLE VI. BRONZE AND BRass. 





Phosphorbronze. 


Common Bronze. 





No. of bend-+ 

per sq. | ings before 
inch. rupture. 
Ctr. | 


Max. St. 
No.| per sq. 
inch. 
Ctr. 


Max. St. 


Brass. | 
| 


\No. of bend- Max. St.|No. of bend- 
ings before 


| ings before | No.| per sq. | 
rupture. 


| 


Ctr. 





200 
180 


150 
120 


200 
180 


150 
120 


862980 
8151811 


Sound after 
10 Mil. 











5075160 | 





rupture. | inch. | 
| 
| 
| 


151310 


Sound after | 

8377 | 5,5 Mil. 

Sound after | 
10,, Mil. | 


| 
| 102650 








Table VI. 


That of common bronze ap-|to be of good quality. 


According to 


pears most regular, showing the material| Dr. Kiinzel (Polyt. Centralblatt, Jan. 
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1874,) when a phosphorbronze axle is 
heated to a low red heat a very soft 
alloy of tin and lead is melted out, 
leaving the axle hard and spongy. 
Perhaps in this phenomenon is to be 
found an explanation of the peculiar 
behavior of the metal in respect to 
torsion. 

Table IV. (divisions 1 and 2) is repre- 
sented in Fig. 3. Both polygons agree 
fairly, leaving out of notice rod 1, whose 
deflection number is obviously too large. 

Fig. 4 corresponds to the first three 
divisions of Table V. The profile of 
division 1, is very similar to Wohlers 
Table VII., to which we shall recur. 
Frith’s steel seems to have a resistance 
of about 20 Ctr. less per square inch 
than the older cast steel of Krupp. 


C. ContrnvED Loaps. 





Table VIL. is represented in Fig. 6 
While the first two profiles indicate 
greater uniformity and strength of 
homogeneous iron than of Phcenix iron, 
we found that for spindle iron it was 
hardly possible to work out a profile in- 
cluding the points from wu, to u,,. We 
went through with 3 sets of tests between 
280 and 340 Ctr., and through 2 sets 
with strains less than 280, taking differ- 
ences of 20 Ctr. We hoped to obtain a 
polygon agreeing with Fig. 10, by taking 
the arithmetical mean of 3 correspond- 
ing rotation numbers ; but were disap- 
pointed. The great difference in the 
positions of the points corresponding to 
the same strain, is due not only to the 
want of homogeneity in the iron but also 
to errors in determining the number of 


Tas, VII. anv VIII 


TaBLE VII. Inon. 





1872-3. 
English Spindle Iron. 


Wohler’s Table I. 
Pheenix Iron. 


Wohler’s Table II. 
Homogen. Iron. 





Max. Str. 
per sq. in. 
Ctr. 


No. of rota- 
tions before 
rupture. 


Max. Str. 
per sq. in. 


Ctr. 


No. of rota- 
tions before 
rupture. 


Max. Str. 


No. of rota- 


.| tions before 


rupture. 





COIAOTK COWwWrR- 











ry; 204200 
eg 204400 
rs 147800 


402900 
911100 
503500 
884800 
1035300 
1064700 
979100 
1337700 
1066000 
1142600 
595910 
Sound after 


Sound after 
8,; Mil. 
Sound after 
4 Mil. 





479490 


909310 
3632588 
4917992 


19186791 
Sound after 
132 Mil. 











31586 
94311 


3930150 





| 


| 





rotations, caused by defects in machinery. 


tered : viz. the last 2.7 millions of 16, 17, 


We now give attention to the several 
After these were cured the following| points w which give a profile probably 
tests were made and accurately regis-| correct. 
The points « and wu, fairly agree ; but 
18 and the last 2.3 millions of No. 16.|rod No. 3, under 340 Ctr. strain could 
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not be counted, because of an accident 
that increased the strain by 8 Ctr. In 
Wohler’s Table I. w, and uw, may be re- 
jected, the first as too high, the second, 
as too low. Whether w,, or w,, is the 
more correct could not be determined by 
two experiments, but we have set w,, 
nearer u,, and w,,. Hence the profile in 


Fig 6. 
n considering the possible errors, if 


Taste VIII. 


the lowest points only are regarded the 
profile u,, u,, U,,, ¥,, results which seems 
probably correct. But the question 
must be settled by experiment. 

Only the first two divisions of Table 
VIII. are represented in Fig. 7; the 
third showing too great differences, and 
the fourth not agreeing with the fore- 
going. 

Both profiles are similar, except that 


STEEL, 





187344. 
Krupp’s Axle Steel. 


Wohler's Table III. 
Krupp’s Axle Steel 


'W ohler’s Tab. ITI. 
Bochumer Verein 
Axle Steel. 1863. 


Wohler’s Tab. III. 
Borsig Axle Steel. 
1863. 








rupture. 
tions before 


tions before 
No. of rota- 


No. of rota- 
= per square in. 


— per square in. 
© Max. Strain 


o 





co 


rupture, 


rupture. 


rupture, 
tions before 


© 
= per square in. 
tions before 
© Max. Strain 
= per square in. 
No. of rota- 


j 
| No. of rota- 





hee 
| 367400 
| 428250 
| 925800 
'Sou’d after} 
4., Mil. 
\Sou’d after 
4,, Mil. 


'Sou’d after | 
| § Mil. 











1665, 
3114160 


4163375 
| 45050640 


580 


157700 
239875 


553850 
1378225 


27 


75 
342850 
627000 

20467730 


2845250 
/Sou’d after 
57 Mil. 
3558700 


1025625 














the one corresponding to Krupp’s new 
steel is much higher than that of the 
old, showing an improvement in the 
manufacture. 

In No. 6 appears a more careful dia- 
gram of the experiments of Table VIL., 
made with the hope of being able to de- 
duce the equations of the curves. This 
has not yet been accomplished. The ex- 
periments of Wohler were for the most 
part with the Phenix axle iron and with 
tool steel and cast-spring steel. His tests 
of rails by torsion (having a special ob- 
ject in view) are not important because 
they are not subjected to that kind of 
strain. 

In our attempt to collect the results of 
experiments, we received valuable infor- 
mation from a paper by Launhardt 
(Zeits, des Arch.-und Ing.-Ver. Zu Han- 


nover 1873, Heft. II.). He gives the 
name of working resistance to that 
(greatest) amount of strain which is not 
sufficient to break the material after an 
indefinite number of applications ; and 
of original resistance (ursprungsfes- 
tigkeit) to the amount when the material 
is allowed to a strainless condition, in- 
stead of to some minimum strain. He 
regards the working resistance (a) as a 
function of the breaking resistance (4), 
the original resistance (w), or of the ratio 


Its own weight 


total load 


) 


S min. 
S max. 


and employs the formula 


S min. 
*S max. 


b—u 


a=u (: * “ 
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With reference to Wohler’s results for 
cast steel 
a=500 (: + 65 min. 

5 5 max. 
And for wrought iron 
5 S min. ) 


6°S max. 


) Ctr. per sq. in 


a=300 (: + 


These formulas are of some practical 
value ; but they would be more trust- 
worthy if they had been derived by di- 
rect experiments on material for bridges. 

Wohler’s experiments have required a 
period of 12 years ; and a time equally 
long would necessary to obtain a 





complete set of parallel tests for bridge 
material, unless the curve equation for 
some material recognized as good could 
be obtained. It would then be necessary 
to try a few tests only of high strains 
upon any other metal in order to determ- 
ine with respect to quality, homogenei- 
ty and resistance. For example ; as- 
suming Fig 6 as such a “normal curve” . 
the figure shows that the second polygon 
(Hom, iron) corresponds to a stronger 
material than does the first, since the 
latter at 240 Ctr. strain shows just as 
many rotations as the former at 210 Ctr. 
And it may be conjectured that the 
working resistance of homogeneous Iron 


D. EXPERIMENTS WITH Rops BENT IN Two DIRECTIONS. 
TasLeE IX, 





Material. 


| 
No. of rotations | 
before rupture. 


Maximum Strain 
per square inch. 
Ctr. 





Westphalia Iron of 1872-4 
Firth & Sons’ Cast Steel ....... Pf 


Hammered Phosphorbronze 


“ce “ce 


Wohler’s Table XIII. 
Krupp’s 1862 ) 
Cast Steel 








431306 
Crippled after 
6497800 


240 


240 
Crippled after 
14916800 
4032680 
Sound after 


360 1301600 


260 1007550 


240 














Remarks,—No. 3 had borne under a strain of 240 Ctr 
Again under a strain of 300 Ctr 
Again under a strain of 320 Ctr 


14916800 


And dynanometer allowed no higher strain. 
No. 4 had a smaller diameter than No. 3, and had borne 


Under 300 Ctr. 


strain 


Under 320 Ctr. s 
Under 340 Ctr. s 
Under 360 Ctr. 


“4032680 
Before rupture. 


is at least 190 Ctr., while that of Pheenix | 
iron is 160 Ctr. If this is clear on a) 


assume u=f (). Substituting in the 
diagram toa very small scale, it would | formula 


be more certain if the normal curve were | 


known. y=A+Be+C2’?+D2'+ &e. 


Of course the number of rotations w, | 
of a material diminish when the strains 
increase and conversely. Hence we may | we have 


u for y and : for x. 
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BC D 
w=At state + &e. 


If we close this series say at the 4th 
term, the co-efficients A, B,C,D can be 
determined by 4 experiments. If more 
experiments, say 8, 12 or 16, were made, 
then they would be determined with 
greater accuracy by the method of Least 
Squares; remembering that if S is infinite 
u=0 and, therefore, A=0. As the 
experiments show that « increases either 
in simple or quadratic ratio if S dimin- 
ishes arithmetically, at least 3 terms 
must be taken, so that we have 


a ee ae. 
“styety 

If Newton’s or Lagrange’s formula of 
interpolation is used, it is better to make 


uU 


1 > 
7e- and «=S, giving the equation 
1 
AS*+68°+C S=-; because the suc- 
cessive values of S can be taken with 
equal difference, so as to simplify the 
calculation. Whether the series so found 
is sufficiently convergent to determine 


For iron } 





the coefficients B, C, D from a few ex- 
periments so as to give trustworthy values 
for u, cannot be determined a@ priori ; 
for the coefficients of safety must be first 
fixed by a great number of experiments. 

Wohler’s tables require a careful re- 
vision. First with regard to division 
No. 1, viz. : 

bet. + 160 and — 160 Ctr. 

bet. + 300and O Ctr. 

bet. + 400 and + 240 Ctr. 
Tension per square inch. 

Both limits, + 160 and — 160, agree 
with Wohler’s Table I. for continuous tor- 
sion and Pheenix iron; the corresponding 
rotation-number 132} million is regard- | 
ed as “ unlimited duration.” If, accord. | 
ing to Wohler (Zeits. f. Bauw., 1858, p. | 
446), the maximum duration of an axle) 
corresponds to a run of 200,000 miles, | 
and the circumference of the wheel | 
makes 2,400 revolutions per mile, then | 
480 million revolutions are sufficient to | 
wear out the axle. Now, it is not cer-| 
tain that rod No. 9 of Wohler’s Table | 
I., after 132 millions, would stand 348 | 
million more; but it is probable; because | 
for equi-different strains the number of | 
rotations increases in a ratio higher than 
the duplicate, and the number of rod | 


No. 8 is 19 millions. For axle torsion, 
these limits hold ; but not for axle com- 
pression and tension, as in the case of 
piston-rods ; for according to Wohler’s 
Table X. a rod of Pheenix iron was torn 
apart under a strain of 320 Ctr. after 
10,100,000 tensions, and therefore would 
not have borne alternate strains of 
tension and compression to the num- 
ber of 10 millions. Hence, although 
in the tables, to ensure two-fold security 
for wrought iron strained permanently 
in both directions, the strain 80 Ctr. per 
square inch is assigned as permissible ; 


| still this can be accepted only for the co- 


efficient 2, which must therefore have 
another oftice besides that of compensat- 


ing for the non-homogeneity of the ma- 


terial. In this regard Launhardt’s coeffi- 
cient 4 seems to be worth testing by fur- 
ther experiments; especially for iron 
when greater resistance is called for in 
one direction than in the other. 

The limits 300 and 0 are derived from 
Wohler’s Table V., rod 7, which was 
sound after 48 million bendings. The 
jump from 360 with 4 million to 300 with 
unlimited number, is somewhat conjectu- 
ral; and the assumption is made probable 
only by Fig. 3. The assumption derived 
from Table X. that for 300 Ctr. strain 
the duration is “ unlimited,” because for 
320 Ctr. strain rupture was sound after 
100 million extensions, is not justified 
either by the table or Fig. 1; so that 
Wohler’s assumption that the “original 
resistance,” shown in bending, agrees 
with that shown in extension, requires 
the confirmation of experiment. 

The third pair, +440 and +240, agree 
with Wohler’s Table X. Rod 8 was in 
working order after 4 million extensions, 


. 400 : 
while rod 7 under oo Strains bore only 


2,400,000 extensions. It seems unsafe 
to draw conclusions from these results 
without further tests. 
The 2d division gives results which are 
more certain, viz. : 
. bet. + 280 and — 280 Ctr. ) 
Axle steel< bet.+ 480 and 0 Ctr. > 
bet. + 500 and + 350 Ctr. 
Strain per square inch. 
9R 


are more exact, be- 
280 , 


The limite = 


+ 300 . 
cause for — the numbers of rotations 
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rose to 45 millions. Less reliable is 


450 800 ‘ 
= and 300 from Wohler’s Table XIL., 


since from 13,, millions, with respect to 
12 millions, an “indefinite duration ” 
was indicated. 


The 2d division is: 


For un- (between 500 and 0 Ctr. } 
hardened } between 700 and 250 Ctr. 
spring |} between 800 and 900 Ctr. 
cast steel. | between 900 and 600 Ctr. 
Strain per square inch. 


Here there is no doubt, since the 4 
experiments were made with the same 
metal, and the bending numbers varied 
between 44,, and 33,, millions, which 
may be regarded as “unlimited dura- 
tion,” in view of the uniformity of the 
metal and the number of tests. The 
same may be said of the part respecting 
torsion. 

The experiments with spring steel may 
be regarded as conclusive ; and there re- 
mained for us only to repeat the tests on 
axle steel, and on metals for railway 
bridges and permanent way. 





[The writer here regrets that his ex- 


periments are incomplete, refers to facts 
that caused an interruption of his tests, 
and expresses the hope that he will be 
able at some time to take them up again. | 

We will now consider our subject in 
a more scientific and less practical point 
of view ; with regard to the aspect and 
condition of the surfaces of rupture of 
the metals broken during our tests. 

In most cases one or more spots of fine 
grain were observed upon the surface, 
showing the places where rupture first 
occurred, The broken surfaces of iron 
and steel were often marked by a dark 
spot; in other cases there was a smooth, 
fine grained spot, and in steel and bronze 
this was the centre of a set of radiating 
lines. This formed an elliptical surface, 
which, in Firth steel, had an oil-like 
smoothness and a lustre under oblique 
light; while the rest of the surface was 
rough. In Krupp’s steel the elliptical 
surface is dull and close grained, the 
rest being crystalline and bright. The 
ellipse of phosphorbronze is yellower, 
and the remainder is dark brown in color. 

Fracture generally began on the ten- 
sion side near a corner; but sometimes 
near the middle. 





RECENT DEVELOPMENTS IN THE TECHNOLOGY OF IRON— 
THE FORM OF THE FURNACE. 


From “Iron.” 


Tue question of the best form for 
the interior of the blast-furnace has 
not of late years occupied so promi- 
nent a place in metallurgical dis- 
cussions as it deserves. ‘The eager 
debates on the relative advantages of 
hot and superheated blast and monster 
and medium furnaces have, so far ex- 
hausted these topics, till fresh material 
for argument has been furnished by 
further experience. The contour and 
construction of the furnace is, however, 
a matter of almost equal importance as 
affecting the economy of manufacture, 
while the remarkable variation in practice 
on this point shows the need of doing | 
something towards reconciling: practice 
with theory. At the present time not 





only does almost every country affect a 


form of furnace differing in essential 
particulars from that improved by its 
neighbors, but in the same district fur- 
naces working on the same materials fre- 
quently present widely different types. 
It is true that an absolute uniformity of 
practice is manifestly impossible of at- 
tainment, as the “lines” best suited to 
a particular ore and fuel would be quite 
inapplicable under other conditions, but, 
nevertheless, certain guiding principles 
are of general application. Cylindrical, 
barrel-shaped, conical, parabolic and 
elliptical furnaces—furnaces with high 
angles, furnaces with low angles and 
furnaces with no angles—cannot all be 
alike correct in principle, nor equally ad- 
vantageous in practice. . 

The foundation of all improvements 
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in furnace-construction was unquestiona- 
bly laid by Mr. Gibbons, who had the 
shrewdness to decipher the lesson “ which 
a fiery finger had written on the walls of 
his furnaces.” In other words, he per- 
ceived that, by adopting in the first in- 
stance the contour which experience 
showed would ultimately*be shaped out 
by the action of the heated materials, 
whatever the original form, he should 
obtain at once those economical results 
which old furnaces generally give, but 
which otherwise would only be obtained 
after years or months of uneconomical 
working. And it is excellent testimony 
to the acuteness of this keen observer 
and quaint commentator, that the inter- 
pretation which he placed on the phe- 
nomena he recorded has hardly been 
modified in any material particular, 
while the best advice that could be given 
to furnace designers would be to study 
their art in the same school. 

There are, however, certain preliminary 
considerations which should guide us in 
designing the best construction for a 
furnace, and which assist in rightly ap- 
plying the information given by the 
eroded sections of an old furnace. Thus, 
the dimensions of the hearth should 
bear such a relation to those of the stack 
that smelting and reduction may proceed 
pari passu, allowance being made for the 
possible need of a special allowance for 
carburization. Then the curves or an- 
gles should be such as to offer the least 
possible frictional resistance to the de- 
scent of the charge—if scaffoldings and 
slips and their attendent evils are to be 
avoided. Nor should the boshes be so 
wide as to allow any part of the charge 
to lie out of the direct current of the 
gases. Very important is it that the 
gases should ascend ina regular column, 
spreading equally through the whole 
section of the stack, and not escape more 
rapidly at the sides than at the centre, as 
they very often do. Some metallurgists 
insist that the mixture of the elements 
of the charge should be promoted by the 
inclination of the furnace walls, while 
others regard the descent of the charge 
in parallel horizontal layers as of equal 
importance. The influence of the width 
of the furnace mouth 1s to be carefully 
considered as affecting the distribution 
of the charge, the escape of the gases 
and the reverberation of heat down- 





wards. The mode of charging and 
taking off the gases, the proper thickness 
and best way of preserving the walls, 
and the most convenient mode of tapping 
slag and metal, are outlying branches 
of the subject which are well deserving 
of attention. 

When Mr. Gibbons commenced his in- 
vestigations, some forty years ago, the 
angle of the boshes in Staffordshire, as 
on the Continent, was usually laid at so 
small an inclination that the greatest ob- 
struction was thereby offered to the 
descent of the materials into the hearth. 
The hearth itself was generally so narrow 
(2 or 3 feet square) that fusion could 
only. proceed very slowly. The result 
was that a column of reduced ore would 
be retained in the stack long after the 
gases had ceased to have any further 
effect on it, simply because its progress 
towards the crucible was impeded by 
friction and the inadequacy of the 
hearth-space. It was therefore inevita- 
ble that there should be an enormous 
waste of fuel. Now, after some six 
months or a year’s working, it was found 
that the boshes and hearth were worn 
away to a very great extent, so that the 
hearth had assumed a circular form and 
the angle between the boshes and the 
hearth was nearly obliterated, and it was 
only after this that the furnace began to 
do its best work. The enlargement of 
the hearth, even to the limited extent of 
an increase from 3 to 4 feet in diameter 
and increasing the elevation, and there- 
fore the slope, of the boshes, was follow. 
ed by the best results. At the present 
time hearths of 7 and 8 feet diameter 
are common, while in some instances, as 
at Ormesby, 10 feet has been reached. 
In Scotland also, as a rule, wide hearths 
prevail. The circular form, which the 
fire in any case cuts out for itself, has 
also been almost universally adopted. 
The question then arises, can hearths be 
too wide; or, at least, have we reached 
in practice the greatest profitable dimen- 
sions? Mr. Forbes is of opinion that an 
increase in the capacity of the hearth 
would, in many cases at least, be bene- 
ficial. Continental practiee, however, 
does not favor wide hearths, and Gruner 
believes that Cleveland has gone too far 
in this direction. This metallurgist ad- 
vocates the use of high and narrow 
hearths ; and would extend his objection 
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to broad hearths to those of copper and| We have seen that one of the effects 
lead smelting blast-furnaces, in which | of the shaping action of fire and friction 
Mr. Forbes found wide hearths were/|on the interior of a furnace, as observed 
particularly beneficial. Now, there can | by Gibbons, is to plane away and round 
be no doubt that, with ordinary furnaces, | off, to a great extent, the sharp angles 
a very wide hearth will sometimes cause | between the hearth and the body of the 
trouble ; as, if a slip of unfused material | furnace. A good example of this action 
takes place into the hearth, it is hard to|is shown in a section of the interior of 


get rid of it by concentrating the blast 
upon it. So, with very infusible ores, 
the concentrated heat of a narrow hearth, 
which also keeps the charge longer in 
the fusion zone above the hearth, may be 
very useful, unless we have a super- 
heated blast at command. In charcoal- 
furnaces, also, the limit beyond which it 
is inexpedient to widen the hearth is 
soon reached. But most of the alleged 
difficulties with wide hearths are due to 
insufficient and_ ill-distributed _ blast- 
power. With plenty of blast—not neces- 
sarily at a great pressure—and a suflicient 
sanibir of tuyeres, a wide hearth need 


give no trouble, while it renders it more 
easy to give the boshes their proper in- 
clination. Even with refactory ores, by 
using a sufficiently heated blast, it is 
easy to keep the temperature as high as 


is necessary ; it is, however, for fusible 
mixtures that ample fusion-space is most 
useful. For coal-burning furnaces, as 
Wedding has pointed out, a wide hearth 
is always desirable ; hence their adoption 
in Scotland. The same may be said 


}an Austrian charcoal-furnace at Marias- 


gell after a campaign of several years. 
This furnace was giving, at the time it 
was blown out, results superior to any it 
had before attained ; and we find that it 
then had almost obliterated the bosh 
and hearth angles, and assumed a shape 
not unlike the continuous curve of cer- 
tain Belgian and modern Staffordshire 
stacks. Weniger goes so far as to say 
that the consumption of fuel with very 
flat bosh-angles will be nearly double 
that which would be necessary with the 
most favorable inclination. Sacer says 
an angle of 70 deg. is the most advanta- 
geous, while on the Continent an inclina- 
tion of only 40 deg. is not uncommon. 
It is believed that the difficulties and un- 
satisfactory results which were recently 
encountered with certain of the monster 
furnaces in Cleveland were mainly due 
to a want of attention to this particular. 
The very considerable pressure exerted 
by the lofty columns of materials in a 
modern stack renders it particularly de- 





sirable to confine its thrust as far as pos- 


when dealing with silicious ores and hot | sible to a lateral direction. 


blast if the quality of the pig is to be| 
fuel, flux and ore is followed from the 


preserved. Inthe yearly increasing in- 
dustry of spiegel-making, in which a 
high temperature is very important, the 
advantages of a large hearth capacity 
are generally admitted. It need hardly 
be said that the question of the proper 
dimensions of the hearth must, after all, 


If the course of, a mixed charge of 


throat of the furnace downwards, it will 
be seen that till it approaches the zone 
of incipient fusion its bulk will not be 
materially altered, except by the com- 
pressive action of the superincumbent 
mass and the gradual removal of a 


always be mainly decided by the special | portion of the fuel as carbonic oxyde. 
circumstances of each furnace, such as|This will be most conspicuously the 
the quality of ore and fuel available, the |case when the ore has been calcined, 
quality of pig it is desired to produce, | and the fuel coked, prior to its introduc- 
and the temperature and volume of blast |tion. The right form for the shaft of 
available. Yet, subject to these restric-| the structure would seem therefore to be 
tions, there are not wanting indications|/a section very gradually diminishing 
that an increase of hearth-area might in|from the throat to the boshes, and 
many cases be advantageously intro- | thence rapidly contracting to the cruci- 
duced, especially if, by the use of an in-|ble. But we find that many furnaces 
creased number of tuyeres, the foci of | expand from the top to the boshes, the 
vigorous combustion which surround |enlargement being in some cases, espe- 
each tuyere are regularly distributed | cially in charcoal , Raeclesog very marked. 
over the whole space, and when fusible | In other cases we find cylindrical stacks, 
mixtures are operated on. this pattern, or a near approach to it, 
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having found much favor in Scotland 
and elsewhere since its introduction 
fifty years ago. 

t is generally assumed that the ex- 
pansion of the furnace downwards is of 
advantage in diminishing the resistance 
to the descent of the materials. But 
both the fact and the advantage are ex- 
aggerated. The downward pressure of 
the column of materials is, if not greater, 
at least more regular in the cylindrical 
stack, and this is of great effect in pre- 
venting the formation of obstructions 
and promoting a regular descent. More- 
over, arapid descent through the stack 
implies a prolonged sojourn in the highly 
heated space about the boshes ; for it is 
found that the total fime occupied by a 
charge in passing through a conical fur- 
nace is not less than that occupied in 
other forms of furnace. Now we have 
seen that it is in the comparatively cool 
region of the stack that reduction takes 
place most economically ; and it is also 
to be observed that it is in the lower 
region of the furnace that the metal 
takes up those bodies—such as phos- 
phorus, sulphur and silicon—which are 
most deleterious to its quality. Any 
time, therefore, which the metal spends 


in the region immediately above the 
hearth, beyond the period absolutely 
necessary for carburation and prepara- 


tory fusion, is distinctly prejudicial ; 
while the longer time it spends in the 
relatively cool regions of the stack, 
where CO, + C= ,CO reaction is mimi- 
mized, the more economical will be the 
result. It may be inferred, also, that in 
the tall furnaces now in use, carburation 
commences much sooner than in the old 
form, and that therefore the only justifi- 
cation for the narrow stack and wide 
boshes—namely, the expediency of pro- 
ducing a highly-carburized pig—is re- 
moved. Any considerable widening 
from the top downwards has also a ten- 
dency to promote accumulation of 
materials at. the angle formed by the 
junction of the boshes and shaft, and 
hinders an equably diffused ‘up-flow of 
the gases. But so great and, indeed, 
well-founded, is the apprehension of 
irregularities and scaffoldings entertained 
by ironmasters, that any alteration of a 
mode of construction which has the repu- 
tation of preventing their occurrence 
would be only very cautiously adopted. 





Yet we are not aware that either the 
so-called cylindrical furnaces, or those 
Staffordshire furnaces, which, like Gib- 
bons’ improved pattern, begin to taper 
downwards from a point more than half- 
way up the furnace, are particularly sub- 
ject to this drawback. 

The enlargement of the upper part of 
the furnace “by scooping it outwards,” 
which Gibbons considered of the highest 
importance, has been advocated with 
grent ability and a bagper by Mr. 
-arry, of Ebbw Vale, and, at his in- 
stance, many South-Welsh furnaces 
have adopted the dome-shaped stack 
which he recommends. Though it is 
doubtful whether so little action takes 
place in the upper part of the furnace as 
Gibbons imagined, it is probable that, 
with low furnaces and friable fuel, and 
such ores as those\of Staffordshire and 
South Wales, the dome shape has certain 
advantages which justify its adoption. 
A great capacity for a given height, and 
the accumulation of heat in the stack 
are perhaps its most obvious features. 
According to Parry’s formula, the depth 
from ‘the widest part to the tuyeres 
should not be less than the diameter at 
the widest part plus half the diameter at 
the tuyere-level.’ He also gives minute 
directions for the proper curve to be 
adopted from the top of the boshes to 
the mouth. 

In the Rachette Furnace, which ex- 
pands continuously from the hearth to the 
top, there is presented the most extreme 
contrast to the conventional type. This 
mode of construction presents, theoreti- 
cally, certain decided advantages—the 
extreme division and regular distribution 
of the blast, among others—yet, not- 
withstanding the favorable accounts of 
its work given some years ago, it ap- 
pears to have quietly dropped into the 
ranks of exploded ideas as regards its 
application in the metallurgy of iron. 
It remains to be seen, however, whether 
a modification of the principle may not 
still do good service ; and it is worthy 
of remark that in Germany, and notably 
in the United States, the Rachette prin- 
ciple, both in its integrity, and as modi- 
fied by Piltz, works admirably in lead 
smelting. Truran,of Dowlais, proposed 
a mode of construction similar to that 
adopted by Rachette, many years ago, 
and pointed out that a progressive in- 
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crease in diameter, from the hearth up- 
wards, would secure a more uniform de- 
scent of the charges, and, as we shall 
show later, both by presenting a mini- 
mum resistance to the passage of the 
blast, and otherwise, facilitate the opera- 
tions of the furnace. It would, however, 
be in remote districts, where high furna- 
ces and powerful blast apparatus are so 
costly as to be practically inapplicable, 
that this type of construction would 
have the most success. 

An elliptical section, the application of 
which to blast-furnaces was patented by 
Algers twenty years ago, presents, in 
common with Rachette’s oblong section, 
the advantage of allowing the charges 
to sink uniformly through the stack, 
and, as Dr. Percy has pointed out, ren- 
ders it comparatively easy for the blast 
to reach the centre of the furnace how- 
ever large its dimensions. A small ellip- 
tical charcoal-furnace in Massachusetts, 
33 feet high, appears, according to recent 
accounts, to give very good results, con- 
sidering its small size. On the other 
hand, a circular shape offers less external 
area for a given capacity'than any other 
shape. That this is important, as affect- 
ing both economy of construction and 
loss of heat by radiation, is obvious. As 
the introductiton of elliptical furnaces 
was inaugurated with anticipations of 
the most glowing kind, not altogether 
unsupported by scientific metallurgists, 
it would be of interest if any our 
readers were to contribute any facts 
bearing on their subsequent history. 

It may here be suggested that advan- 
tage might be taken of the forthcoming 
Exhibition at Philadelphia to secure 
much valuable information, which it 
would be beyond the power of any indi- 
vidual, or even an association, to obtain 
at any other time, but which, once col- 
lected, would be of the greatest service 
to metallurgical industry. Though 
some may still cling to the selfish policy 
of retaining and jealously guarding, as 
so-called trade secrets, allinformation de- 
rived from their daily technical experi- 
ence, it is generally perceived that by 
such hoarding more is lost than gained. 
It is not, even now, too late for the 
Commissioners of England, Germany, 
France and Austria, in conjunction with 
the American Centennial authorities, to 
invite by circular the leading metallurgi- 





cal firms of their respective countries to 
furnish in a specified form, such detailed 
particulars, illustrated as far as possible 
by plans, of the working of the plant 
and processes under their control, as 
they may feel disposed to give. Such 
information from reliable sources would 
at once set at rest many vexed questions, 
which would otherwise only be tardily 
solved at an enormous cost of unproduc- 
tive labor and wasted material. That 
we ourselves have much to learn from 
the best Continental and American 
practice, is not less true than that in 
many points we are in advance of our 
neighbors. Not the least important 
feature in such a programme would be 
the collection of a series of internal 
sections of blast-furmaces blown out for 
repairs or other causes (of which there 
are unfortunately just now only too 
many). Accompanying these fire-shaped 
sections would be drawings of the 
original contour, with full details of the 
charges used, and the working immedi- 
ately before the stoppage, and at differ- 
ent periods of the campaign. Such re- 
turns would form a solid basis for sub- 
sequent progress, and would materially 
advance that which should be the leading 
object of a true world show—the growth 
of technical knowledge. Failing its 
adoption by official representatives, we 
commend the idea to such bodies as the 
various Societies of Engineers, the 
American Institute of Mining Engineers, 
and our own Iron and Steel Institute. 
, 
———— +e ————— 


An explosion lately occurred at the 
works of Messrs. Cammell & Co., of 


Sheffield. In one of their Bessemer fur- 
naces the men were on the point of pour- 
ing molten metal into moulds when the 
spindle of the vessel broke and the large 
cauldron heaved entirely over. The 
metal fell into the pit, and coming in 
contact with some water, exploded with 
a terrific report. Two of the workmen 
had a narrow escape of their lives, hav- 
ing barely time to get out of the pit be- 
fore the explosion occurred. The roof 
of the furnace was partly blown away, 
and a quantity of clothes belonging to 
melters was destroyed. The report was 
heard nearly a mile off. 
—The Engineer. 
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NOTES ON CONCRETE.* 


From “The Architect.” 


Ar one time I had under consideration 
the cheapest method of covering a large 
tank or reservoir, and it occurred to me 
that the construction of parallel partition 
walls, carrying thin concrete arches, 
would probably be the best solution of 
the question. As it would be desirable 
in such a case that the roof of the reser- 
voir should be covered with about 2 feet 
of earth, it became a question what the 
minimum working thickness at the crown 
of such an arch should be. Apparently 
this was a matter of calculation, to be 
calculated in a few minutes, with the as- 
sistance of tables giving the ultimate 
strength, under compression, of concrete ; 
or, better still, by the aid of the results 
of Mr. Grant’s experiments on concrete 
blocks of various materials and various 
proportions of cement. 

Having the opportunity I made the 


fortunately, not tested, but as several 
tests for tension were made, before and 
after these experiments, of cement from 
the same yard, it may be assumed that 
it was of fair average quality. 

The concrete in No. 1 arch was com- 
posed of 1 part of cement to 4 parts of 
gravel and sand ; in No. 2, 1 of cement 
to 6 of gravel and sand ; in No. 3, 1 of 
cement to 7 of gravel and sand ; and in 
No. 4,1 of cement to 8 of gravel and 
sand. 

The experiments were as follows : 

No. 1 arch was made on August 14 
and broken on December 14. The load 
consisted of fire-bricks carefully added 
(in laying each course) by equal numbers 
| from each abutment to thecrown. Care 
/was taken, as the courses grew up, that 
‘the bricks over the crown should not 
itouch longitudinally, A number of 


| 





following few experiments, which, as/ bricks were weighed at different times, 
such, are very incomplete, but must be,| from which the average weight was de- 
to a certain extent, interesting, as the| duced. On December 15 the number of 
results greatly surprised those engineers courses built up was 10, the number of 


who witnessed them. bricks 556, and the load 4,059 Ibs. On 

As has been said above, the breaking | the 16th 4 courses were added, bringing 
load of a concrete arch is readily calcu-| the weight up to 5,468 Ibs. On the 18th 
lated, the crushing weight of the material|2 courses were added ; on the 2lst 4 
being given, and in a most carefully | more courses, and on the 22d-.4 more 
made arch—say one constructed under courses were added; and then, while 
the immediate eye and personal superin-| more bricks were being sent for, the 


tendence of the engineer himself—the 
result, as calculated, might be obtained. 
I, however, wished to see how such a 
result would be affected by the superin- 
tendence not being special, the materials 
not specially selected, and the labor not 
specially skilled—in fact, to ascertain 
the additional factor to be applied un- 
der such circumstances. , 
The arches which were constructed 
for these experiments were four in num- 
ber, all of the same dimensions exactly 


—namely the width was 1 foot, the span | 


12 feet, the rise 12 inches, the thickness 
at the abutments 6 inches, and at the 
crown 2 inches The cement was Port- 
land,‘and the sand and gravel mixed as 
they came from the pit, and not particu- 
larly clean. The cement used was, un- 
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thick), consisting of 1,221 bricks, and 
| weighing 9,052 lbs., or a uniformly dis- 
tributed load of 7544 lbs. per square 
‘foot of roadway. If to this be added 
the dead load, the breaking weight is 
found to be 9,521 Ibs. = 4 tons 5 ewt. 
Assuming the curve of pressure to pass 
through the middle of the crown and 
each abutment, the horizontal thrust 
of the unloaded arch was 654 lbs., or 27 
Ibs. per square inch of section. At the 
time of breaking, the horizontal thrust 
was 17,104 lbs., or 713 lbs. per square 
inch of section. 

Unfortunately, at the termination of 
the first experiments, the bricks which 
were loosely built up on the concrete 
\arch until they constituted a breaking 
load, and to a height of 6 feet, in their 
fall came suddenly on arch No. 2, and 
i fractured it. 


nie failed under 25 courses (14 brick 
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Arch No. 3 was built on September 9, 
and broken on December 30. On 
December 28 it was loaded with 6 
courses of bricks, 14 brick thick. On 
the 29th 5 more courses were added, and 
on the 30th the arch gave way when 8 
more courses had been added, making a 
total of 17 courses, consisting of 843 
bricks, estimated at 6,070 lbs, or 506 lbs. 
per superficial foot of roadway. Adding 
to the above the dead weight of the 
arch, the breaking weight is found to be 
6,539 lbs. When 6 courses of bricks 


were on, a deflection of half’ an inch at 
the crown was observed, which gradually 
increased to 1 inch on the 16th or last 
course but one. 


Arch No. 4 was built on September 
10, 1875, and broken on January 3, 
1876. This arch, the composition of 
which was 1 in 8, seems to have been 
better put together than the last, which 
was 1 in 7, for it carried a heavier load 
before breaking. At the 8th course a 
slight deflection, about 4 inch, was ob- 
served, which on the 17th course in- 
creased to 4 inch, and on the 20th and 
final one to 1 inch. The way in which 
the arch ultimately failed took me by 
surprise. After the 20th course was 
added, it was noticed that the arch was 
giving way, by seeing the deflection 
slowly but gradually increasing, until 
the final rupture several minutes, proba- 
bly about five minutes, afterwards. 
This fact and the gradual nature of the 
increase of deflection was plainly observ- 
ed, owing to the way the bricks were 
built up so as to leave a clear vertical 
space of 2 inches over the crown. As 
the height of the bricks was, roughly, 4 
feet 6 inches, the gradual nature of the 
subsidence was indicated by the slow 
approach of the top bricks on either 
side of this vertical space. The total 
number of bricks in the 20 courses was 
911, estimated at 6,559 lIbs., or a live 
load of 547 lbs. per square foot of road- 
way. If to this be added the dead 
weight of the arch, it amounts to a total 
of 7,028 lbs., the horizontal thrust from 
which is 12,800 lbs., or ‘534 Ibs. per 
square inch of section of arch at the 
crown. As the weight of 2 feet of clay 
may be taken as 240 lbs. per superficial 
foot of the tank, it is clear that a very 
small additiou to the thickness of this 





arch would bring it within a sufficient 
factor of safety. 

It is a common observation to make 
that it is an error in design to apply con- 
crete in the form of an arch at all, and 
that itstrue position in work is to supply, 
as far as possible, the place of a solid 
stone slab of the same size, but I do not 
think that its use should be so restricted. 
It is, of course, admitted that to employ 
concrete in an arched form, where full 
resistance to the horizontal thrust is not 
provided, is false design, except the 
arched soffit be required for other reasons, 
for in that case the mass of concrete can 
only act as a girder. As girders or 
bressummers, concrete beams have been 
employed, even to the extent, I believe, 
of reducing the depth of the concrete 
beam to one-twelfth of the span of the 
ope. 

PThere are, in my opinion, many cases 
where concrete can be used in arches 
with advantage in the nature and econo- 
my of the work—in arches over windows 
and doors, and relieving arches over 
large opes, where there is a good length 
of wall on each side, and in small road 
bridges in certain places, for instance in 
out-of-the-way places in buildings where 
bricks are not to be had, and for bridges 
over mountain streams, where the clean- 
est gravel is most probably on the spot. 

The resistance afforded by the abut- 
ments or walls on either side of the 
arches must be fully equal to that re- 
quired to resist the horizontal thrust, as 
will generally be the case in house-build- 
ing, and in bridges it must be supplied 
by the proper thickness of abutments. 
But it must not be supposed that thicker 
abutments are required for a concrete 
arch than for a stone one ; the thrust of 
a stone arch would not be increased by 
the joints being petrified and making 
one mass with the arch-stones. 

Road arches have been so constructed 
on the property of Mr. Richard Mahony, 
Dromore Castle, in the county of Kerry, 
under the superintendence of Mr. M’ 
Clure, who has kindly furnished me with 
the particulars of these and other con- 
crete structures on the same estate. 

Mr. M‘Clure writes :—“ The last bridge 
built in 1873 is on a rapid mountain 
river. The abutments were built of 
stone, Owing to the wetness of the sea- 
son and the consequent danger of floods 
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carrying away the necessary framing for 
the formation of concrete piers. The 
arch of this bridge was completed in ten 
working hours by fifteen laborers and 
one carpenter, who had, in the same 
time, to wash and prepare gravel found 
on the spot. The dimensions of the 
arch are 18 feet span, 3 feet 6 inches 
rise, 2 feet 6 inches thick at the spring- 
ing, and 1 foot 6 inches at the crown. 
Large stones were cast into the concrete, 
pressed down without any regard to 
regularity of position. These bridges 
are almost as hard as the hardest stone, 
and, I believe stronger than a stone 
bridge could be. The centres were not 
removed for two months ” 

Mr. M’ Clure gives some further par- 
ticulars of other concrete works on Mr. 
Mahony’s estate as follows : 

“The proportions we have used on 
this estate for buildings, such as farm 
houses, laborers’ cottages, and farm- 
buildings, were 1 measure of Portland 
cement to 8 parts of well-washed sand 
and gravel from the bed of a river, and 
passed through a screen with bars 1 inch 
apart. The proportions used in building 
bridges were 1 part of Portland cement 
to 7 of clean river or sea gravel. Large 
stones are used—the roughest stones 
suit best—about 40 per cent. of split 
stone can be used safely in building con- 
crete walls. I have used 25 per cent. in 
bridges. Any shape of stones can be 
used. In the case of buildings, the 
stone, or what we might call ‘packing 
stuff,’ should be placed about four inches 
to 6 inches apart, and should be at least 
3 inches narrower than the thickness of 
walls, so as to form a band of concrete 
all around. Pressure should be applied. 
We have simply, in the case of house- 
building, packed the stuff tightly into 
the apparatus with wooden blocks about 
2 feet long, pressing the concrete into 
every joint between the stones used for 
building the walls The dimensions for 
all cottage walls on this estate are 9 
inches thick ; chimney walls, 18 inches ; 
partitions, 4 inches. I have built a large 
steading (which cost over £2,000) of 
concrete. The walls in some cases are 
18 feet high, and 12 inches thick ; also a 
garden wall, over a quarter of a mile 
long, 11 feet high, and 9 inches thick ; 


walls 14 inches thick, with a cistern 
over, resting on a concrete roof, capable 
of holding eight tons of water, and 
which is perfectly staunch. 

The chief advantages of concrete- 
building are rapidity and economy. 
it were more generally understood it 
would be largely used for buildings and 
bridges. I calculate at present prices 
(December 1874), where gravel of a suit- 
able description can be got within two 
|miles of the work, the cost of a cubic 
yard of concrete will be from 12s. to 15s, 

Adie’s testing machine is expensive, 
the cost of even the smallest being £20, 
which places it beyond the reach of 
small consumers. I believe the consumer 
must depend very much on the character 
and standing of the manufacturer to get 
a pure article, just as one has to depend 
on the character and position of a drug- 
/_ to make up a medical prescription. 

have found that cement kept dry for 
six or nine months before being used sets 
much more slowly than fresh cement, 
but forms harder concrete, almost as 
hard as a rock.” 

I have also learned that Mr. N. Jack- 
son, C. E., who has charge of the West 
Riding of Cork, has built several bridges 
'in concrete, using one part of cement, by 
|measure, to six or even eight of clean, 
sharp sand and gravel, packing the piers 
and abutments with large stones, well 
rammed. Mr. Jackson finds that con- 
crete answers remarkably well for 
country road bridges, especially econ- 
omical in the case of skew bridges. I 
have also noticed, as a good instance of 
the application of concrete to railway 
works, the formation of a turn table 
centre-piece bed and sides, all in con- 
crete, on a railway embankment (conse- 
quently on made ground) erected by Mr. 
W. A. Scott, near Mallow Station. 


———_2>- ——_ 


LaTELy, by permission of the engineer, 
the president, Mr. W. W. Willcocks, vice- 
residents, R. M. Bancroft and G. I. 
forrison, and a number of members of 
the Civil and Mechanical Engineers’ So- 
ciety and friends, visited the works of 
the London and North-Western Railway 
widening, Chalk Farm, the tunnel now in 








a cistern, 5 feet high, 6 feet by 5 feet,/course of construction being the chief 
walls 9 inches thick ; a loose horse-box, | centre of interest. 
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RELATIONS OF HEAT WHEN. MOIST FUEL IS USED IN GAS 
FURNACES. 


By RICHARD AKERMAN, 


Stockholm School of Mines. 


From “Iron.” 


WHE fuel containing water is burned, 
the water may simply be converted into 
steam, or the steam may be decomposed 
by contact with red-hot charcoal, hydro- 
gen and carbonic oxide being set free. 

we suppose the fuel to have a tem- 
perature of 5 deg. C., which nearly cor- 
Tesponds to the mean temperature of the 
middle part of Sweden, there are required 
for every weight-unit of water which is 
vaporized from the fuel, 95+536=631 
heat units, to which there comes to be 
added the heat which the watery vapor 
formed carries with it when it escapes 
from the furnace by its being heated 
above 100 deg. C. But as this naturally 
depends on the temperature at which the 
gases leave the furnace, it must be very 
different in the case of different furnaces, 
even if we confine ourselves, as is our 
intention at present, to gas re-heating 
furnaces. 


In order to be able to estimate cor-. 


rectly the quantity of heat lost with the 
watery vapor, we ought, in’ the case of 
such furnaces, to ascertain both the tem- 
perature which the gases have when they 
pass out of the fire-place or generator, 
and that of the final products of combus- 
tion when they escape from the furnace 
itself. The temperature of the gases 

assing out of the fire-place or generator 
is, however, so extremely variable, ac- 
cording as different kinds of fuel and 
different constructions of generators are 
employed, that it may perhaps be re- 
garded as impossible to fix upon any 
mean temperature which would be gen- 
erally applicable with any tolerable ap- 
proach to accuracy. A knowledge of 
this is not, however, for the object of 
this paper of any very great importance, 
on which account we shall, for the pres- 
ent, leave it aside, and confine ourselves 
to the temperature at which the pro- 
ducts of combustion leave the furnace. 
This, perhaps, in our common “ Koltorn ” 
re-heating furnaces, with only a moder- 
ate extent of heating space, may be esti- 
mated at 600 deg. C., and as the specific 
heat of watery vapor may be taken at 





0.475, the furnace, with every weight- 
unit of watery vapor to be found in the 
products of combustion, is derived not 
only of the 631 heat-units enumerated 
above, but also of 600 x 0.475=284 heat- 
units. 

But besides this true loss of heat of 
about 900 heat-units for every weight- 
unit of water, the watery vapor occur- 
ring in the gases also occasions the very 
considerable inconvenience that, as the 
specific heat of the watery vapor is about 
twice as great as that of the other gases, 
the temperature of the products of com- 
bustion is reduced by its presence to a 
greater extent than would be caused 
merely in consequence of the loss of heat 
occasioned by the watery vapor. Final- 
ly, the watery vapor in a re-heating fur- 
nace is detrimental, inasmuch as it has 
an oxidizing action on the iron, the loss 
of which, by burning, is therefore in- 
creased by its presence. 

The reasons why, when a fuel abound- 
ing in water is used and a very high 
temperature is desired, it is necessary, 
and, even when a comparatively moder- 
ate temperature is to be reached, desira- 
ble to employ the Siemens-Lundin princi- 
ple, are accordingly evident. For in 
this way both the inconveniences con- 
nected with the presence of watery va- 
por completely disappear, inasmuch as 
the watery vapor is removed before the 
gases enter the furnance, and even the 
loss of heat caused by the over-heating 
of the watery vapor may be reduced to 
nothing if the generator is properly con- 
structed ; for if the gases, before they 
leave the generator, are made to pass 
through a sufficiently deep layer of fuel, 
their temperature need not exceed 100 
deg. C., and the whole loss occasioned 
by the vaporizing of the water may, 
therefore, in this case, be limited to 631 
heat-units per weight-unit of steam oc- 
curring in the gases. 

In order, under such circumstances, to 
vaporize a weight-unit of water there is 
thus required, when the carbon, as is de- 
sired in a gas-generator, is burned only 
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to carbonic oxide, 631 : 2473=0.255 
weight-unit of carbon; and the water 
contained in the fuel cannot, therefore, 
exceed 2473 :631=3.92 times the weight 
of the carbon, even if dryer fuel is used 
for the first firing, and no loss of heat is 
supposed to take place through the walls 
of the generator. But as it is impossi- 
ble to prevent loss of heat through the 
walls of a furnace in action, the content 
of water in a moist fuel intended for 
generating gas can scarcely exceed about 
3.7 times the weight of the carbon oc- 
curring in it, and when such fuel is used, 
it is necessary, in addition, to mix a 
dryer with it in the beginning until the 
necessary temperature has been reached 
in the furnace. ; 

If we proceed now to consider the re- 
lations of heat which exist when the 
water is decomposed in the fire-place by 
red-hot carbon to hydrogen and carbonic 
oxide, we find that the fire-place or gen- 
erator thereby loses yet more heat, for 
besides the 631 heat-units consumed in 
producing steam, there are in this case 
required 29638:9=3293 heat units;* 
but it is yet of great importance in the 
case of gas-furnaces, especially when they 
are not provided with condensers on the 
Siemens- Lundin principle, to get the 
watery vapor decomposed in this way as 
completely as possible, for the hydrogen 
thus formed gives back, when burned in 
the re-heating furnace itself, the same 


quantity of heat 3293 units, and this de-' 
velopment of heat takes place just at the | 


place through red-hot carbon, and the 
thicker the layer of this which is passed 
through by the steam which is formed, 
the more complete is the conversion into 
carbonic oxide and hydrogen ; but, inas- 
much as this decomposition is attended, 
as we have seen, with a considerable 
diminution of heat, it is clear that if the 
layer of fuel, through which the gases 
formed in the generator must pass, is 
thick, the red-hot or active part of it 
must be thinner in the same proportion 
as the content of water in the fuel-is 
greater, and the thinner the red-hot 
‘stratum of fuel is the less steam is de- 
composed in its passage through it. 

| If the red-hot stratum of fuel becomes 
too thin by the diminution of heat occa- 
sioned by a large content of water, little 
or no water can be decomposed in this 
way, but the combustion comes to go on 
chiefly in the way first described with a 
less consumption of heat in the gener- 
ator; but the stratum of red-hot fuel 
which the gases pass through may also 
easily in such circumstances be so thin 
that none of the carbonic acid formed 
during the combustion is reduced to car- 
bonic oxide. As, however, the carbonic 
acid is incapable of further combustion, 
the carbon oxidized in this way in the 
generator in common “Koltorn” fur- 
naces, is of little, and in Siemens-Lundin 
furnaces of no use for the re-heating 
itself, and when the combustion goes on 
in this way to a considerable extent, no 
proper heat can be obtained in the re- 








place where the high temperature is de- | heating furnace. 


sirable, while, on the contrary, the loss | 


If we calculate how many weight-units 


of heat went on in the fire-place or gen-|of carbon must be burned to carbonic 
erator, where no very high temperature | oxide in order to develop the quantity 
is required for any other purpose than | of heat which a weight-unit of water oc- 
the decomposition of the watery vapor | curring in the fuel requires for its de- 
now in question. For this a very high| composition in the way just described, 
temperature in the generator is neces-| we find it to be (3293 + 631): 2473=1.587 
sary, for if it is not high enough the| weight-unit, which cdrresponds to a con- 
watery vapor is not decomposed, where-| tent of chemically combined and hydro- 
fore, also, this relation may in this re-| scopic water, amounting to 63 per cent. 
spect be said to regulate itself. |of the carbon existing in the fuel ; ,but, 

The reason of this, again, is that the | in fact, if the whole content of water is 
decomposition in question must take | to be decomposed the fuel used in a gas- 
furnace cannot contain nearly so much 
water, for even if the requisite temper- 
ature is in the beginning attained by 
using a drier fuel, so that it has only to 





perly speaking, there are consumed in this case 
b x 


only (29638—6 2473): 9=1644 heat units, inasmuch as, 
for every equivalent of water decomposed by carbon, 
there is dev oped as much heat as an equivalent of car- 
bon can give ut when burned to carbonic oxide; but 


this deduction ought not to be made here, for if the car- 


bon had not been oxidized with water it would, instead, | 


have been burned with air, and it had thus come to de- 
velop the same quantity of heat without the water. 


be kept up afterwards with the moist 
fuel, there is always a deal of heat lost 
‘through the walls of the fire-place, and 
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on this account the water contained in 
the fuel, if it is to be completely decom- 
posed, may certainly not exceed a little 
over 50, say 55, per cent. of the weight 
of the carbon. 

Let us now see how the different sorts 
of fuel correspond to these requirements. 

Dry and well carbonized charcoal may 
be tiken as containing 82 per cent. car- 
bon and 10 per cent. Eaivnente water, 
and the relation of weight between the 
water and carbon is then about 10: 82, 
the water being 12.2 per cent. of the 
carbon. 

Ordinary pit coal may perhaps be 
reckoned to contain 81 per cent. carbon 
and 9 per cent. chemically-combined wa- 
ter, the relation of weight between the 
‘water and the carbon in it being thus 
about 14:81, the water being 17.3 per 
cent. of the carbon. 

Peat is more variable in its composi- 
tion than coal, and it is therefore “diffi- 
cult to state any true average for its 
constituents; but if we confine ourselves 
to good peat, perhaps we may take it as 
consisting, after complete desiccation, 
at 110 deg. C., of about 57 per cent. car- 
bon, and 2 per cent. hydrogen, 36 per 
cent. chemically-combined water, and 5 
per cent. ashes. In only air-dried peat 
there are found from 20 to 40 and even 
50 per cent. hydroscopic water, and it 
may therefore be taken to contain 40 
per cent. carbon, 25 per cent. chemically- 
combined, and 30 per cent. hydroscopic 
water. The relation of weight between 
the water and carbon is thus, in thor- 
oughly desiccated good peat, 36:57, the 
water being 63.1 per cent. of the weight 
of the carbon, and in air-dried peat 55:40, 
the water being 137.5 per cent. of the 
weight of the carbon. 

ood completely dried at 120 deg. 
C. contains about as much water as car- 
bon. Air-dried wood contains besides 
about 20 per cent. hydroscopic water, 
and it may thus be taken to consist of 
40 per cent. carbon, 40 per cent. chemi- 
cally-combined and 20 per cent. hydro- 
scopic water. Newly-felled and little- 
dried wood contains, on the contrary, 
50 per cent. hydroscopic water, and up- 
wards, and its composition may there- 
fore be taken to be 25 per cent. carbon, 
25 per cent. chemically-combined and 50 
per cent. hydroscopic water. The rela- 


tion of weight between water and car- 








bon is thus, in thoroughly furnace-dried 
wood, 50:50, the water being 100 per 
cent. of the carbon; in thoroughly air- 
dried wood, 60 : 40, the water being 150 
per cent. of the carbon ; and in newly- 
felled wood, 75 : 25, the water being 300 
per cent. of the carbon. 

Sawdust, which has been air-dried by 
self-heating in a proper sawdust house, 
contains 27 to 30 per cent. hydroscopic 
water, while fresh sawdust, on the con- 
trary, commonly contains 50 per cent. 
hydroscopic water; but sawdust can also 
be found that contains 60 percent. The 
relations of weight between the water 
and the carbon is thus, in the three vari- 
eties above enumerated, 64: 36, 75:25 
and 80:20, the water being in the first 
177 per cent., in the second 300 per 
cent., and in the third 400 per cent. of 
the weight of the carbon. 

It has been pointed out that, if a fuel 
containing water is to be burned in such 
a way that its steam is completely de- 
composed, and carbonic oxide and hy- 
drogen set free, the water contained 
must not exceed 55 per cent. of the 
weight of the carbon. Of the sorts of 
fuel above enumerated, however, char- 
coal and pit coal are the only ones whose 
content of water does not go up to this 
amount; but, as far as charcoal is con- 
cerned, it happens, unfortunately, too 
often, that it is so moist that its content 
of water exceeds 55 per cent. of the 
weight of the carbon. 

As the water contained in air-dried 
peat amounts to 137.5 per cent., and in 
air-dried wood to 150 per cent. of the 
weight of the carbon, it is natural that 
neither of these kinds of fuel, and still 
less undried wood, which contains three 
times as much water as carbon, is fit for 
being used alone in such gas-furnaces as 
are not provided with condensers, but 
when they are used in this way, they 
ought to be mixed with charcoal or pit 
coal, as is generally done. Thoroughly 
desiccated wood and, still better, peat, 
are indeed in a much superior position 
in this respect, the former containing 
100 and the latter about 63 of water per 
100 of carbon; but even thoroughly 
desiccated peat of good quality does not 
permit the complete decomposition of 
the water to take place unless it is mixed 
with some fuel containing less water. 

If the per centages of carbon and 
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water in different varieties of fuel are | air-dried wood in a Siemens-Lundin fur- 
known, it is naturally easy to ascertain | nace, that for every centner of bar iron- 
how much of a fuel containing little reheated in the Bacon 5 cubic feet 
water must be added to one containing | furnace dried wood are required, and in 
much, in order that the whole content of | the latter 34 to 4 cubic feet wood merely 
water may be decomposed in a proper air-dried. 
generator. Supposing the contents of} When the water, as in a Siemens- 
carbon and water in the different kinds Lundin furnace, does not require to be 
of fuel to be as stated above, these pro-| decomposed, fuel can be used, as we 
portions, reckoned by weight, are the fol-| have already pointed out, which contains 
lowing : 'so much water that it is 3.7 times the 
15.9 % charcoal with 84.1 % furnace-dried peat. | Weight of the carbon, and in such a 
13 a Phaccual with 487 ° furnacodiot pay, furnace accordingly it suits very well to 
54.4% pitcoal with 45.6 % furnace-dried wood. | use common fresh saw-dust, which con- 
% charcoal with 34.2 % air-dried peat. rer : - “ E 
pitcoal with 31.4 °% air-dried peat. 'tains about three times as much water as 
charcoal with 31.1 % air-dried wood. ‘carbon ; but, on the other hand, it does 
not do, as experience also has shown, to 
employ alone such dark and particularly 


ag 


eo 
Oe) 


soe, 


x 


pitcoal with 28.3 % air-dried wood. 
charcoal with 15.2 % undried wood, 
pitcoal with 13.3 % undried wood. 


3 
6 
9 
7 
8 

7 


soe 


These figures, however, denote merely 
the greatest proportion of weight in 
which the above-mentioned fuels, rich 


moist sawdust, with about 60 per cent. 
hydroscopic water as sometimes occurs, 
seeing it contains about four times as 


much water as carbon. 


in water, may be mixed with fuels con- 
Such fuel as the last-mentioned cannot 


taining a smaller proportion, if the whole | 
of the water is to be decomposed during | naturally come in question for use in the 
combustion in a properly-constructed | re-heating furnace, if a Lundin furnace 
generator ; or, in other words, if the|is wanting. Even for wood, branches 
moist fuel is to be utilized in the most/ and peat the last-mentioned furnace is 
advantageous way possible without con-/ the most suitable, but if the supply of 
densing the water ; but it is clear that | such fuel is not sufficient, it can be used 
there is nothing to prevent a smaller|in mixture with pit-coal in common 
proportion of the moist fuel to be used |“ Koltorn” reheating furnaces, as, in- 
than is stated above ; and it may also|deed, is commonly done. If the first- 
sometimes be advantageous, if not in a| mentioned kinds of fuel are to be used 
technical, at least in an economical re- | in this way to any considerable extent, 
spect, to allow the moist fuel to enter | it, is best, for the reasons already given, 
into the mixture in a somewhat greater to desiccate them thoroughly in the first 
proportion than is given above ; if, for| place, the rather as this can be done in 
instance, the difference of price between | various ways with the help of the heat 
the moist and the dry fuels is greater|often escaping otherwise unutilized 


than the difference of their true values as 
fuels. But in this case it ought to be 
kept in view that the moist fuel could be 
utilized more advantageously by being 
burned in a furnace on the Siemens-Lun 


din principle, for when the mixture of | 


fuels contains so much water that a con- 
siderable proportion of it cannot be de- 
composed even when the generator is 
properly constructed there is good 
ground for placing between the genera- 
tor and the furnace itself a condenser, 
but it is then clear that it is necessary 
to employ regenerators for again heating 
the gas. It is also to a considerable ex- 
tent on this account that the consump- 
tion even of furnace-dried wood in an 
Ekman wood re-heating furnace is so 
much greater than the quantity of only 


from hearths and furnaces; and that 
| such moist fuel after thorough desiccation 
acquires a greatly increased value for 
‘use in the “ Koltorn” furnace, is best 
seen from the fact that the furnace-dried 
|“ tramp” peat was considered at Bjorne- 
|borg to correspond in the “ Koltorn” 
furnace to one and a-half times its bulk 
of charcoal, while the machine worked 
|but only air-dried “tube” peat from 
similar mosses is in general only consid- 
ered equivalent to its own bulk of char- 
coal, and air-dried “hand ” peat is com- 
monly reckoned to have only the value 
of half its bulk of charcoal, all in “ Kol- 
torn” furnaces. 

As an instance of a work at which 
large quantites of undried poor fuel are 
used in the common “ Koltorn ” furnace, 
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and large quantities of peat, &c., are|/some coal to counteract the injurious 
burned up quite unnecessarily, a place | effect of the great content of water. 

may be referred to where, for a consider-| I hope, however, that nobody will, in 
able time, it was customary to consume) consequence of this statement, under- 
per centner rolled bar iron not only 0.434| stand me as seeking to oppose the em- 
cubic feet coal, but also at the same! ployment of peat and other inferior fuel 
0.492 c. f. “hand” peat not properly air-|in reheating furnaces ; for, on the con- 
dried, and 0.548 ¢. f. refuse wood, while | trary, my view is that reheating in this 
at another work, in quite the same: cir-| country (Sweden) should, for the most 
cumstances, there was employed only| part, be carried on with such fuel; but 
0.38 to 0.40 c. f. coal without mixture| we must either properly dry such fuel, 


with’ apy other fuel. It seems to follow} if we wish to mix it in any considerable 
from this that the mixture of peat and} quantity with coal and employ it in re- 
wood at the first-mentioned place was| heating furnaces, or go to the expense of 
not only of any use, but instead required’ Lundin furnaces if it is used undried. 
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THE MECHANICAL THEORY OF HEAT.* 


Written for Van NostRaNp’s MAGAZINE, 


An examination of this work satisfies} Following the demonstration of the 
us that it will nof only supplement but| general dynamic laws the reader is at 
supplant many of the more recent treat-|once led to the study of temperatures, 
ises on this subject. It is a very reada-| quantities and measure of Heat, thermo- 
ble book for scientific persons, and emi-|dynamic functions and their discussion, 
nently suitable as a text book for ad-| the theoretical determination of Joule’s 
vanced students. It has the merit of | coefficient Absolute Temperatures, and 
analytical treatment of the subject in| other kindred branches of the subject. 
the most complete and satisfactory man-| The fundamental laws of the more 
ner. The style of the author is so happy | permanent gases, deduced by experiment, 
and engaging that the reader is uncon-|are compared with the theoretical de- 
sciously interested, in what, in ordinary | ductions, and are carefully examined in 
words on this subject, are quite dry and | detail; and, by a very simple process, the 
uninteresting details. The first part | differences are shown to fall within the 
gives the reader a condensed and yet | limits of probable error of observation, 
complete synopsis of the history of the} or to be so small as to be neglected. 
investigations in heat, by ena Clear discussions of the methods of 
Fresnel, Rumford, Sadi, Carnot, Mayer, | Elimination of Internal Energy, and its 
Joule, and others, so admirably arranged | application to Steam and air Engines of 
in matter and composition as to give the | the Cycles of Carnot—of air engines in 
reader a sincere pleasure in its perusal. | general and in particular—of Isodiabatic 
Then follows a clear deduction of the! and Adiabatic Curves, and of lines of 
fundamental laws and principles of | transformation, followed by an accurate 
Dynamics, based upon the General Law | comparison of the efficiency of Air and 
of Energy, and the Mechanical Theory |Steam Engines, give to the attentive 
of Heat is shown to depend upon this| student a most thorough grasp of this 
law, and to be indeed but the expression | ordinarily involved and intricate subject. 
of it so far as it relates to this most in-| This is suplemented by a masterly anal- 
teresting branch of Molecular Physics. | ysis of the most recent investigations 
The author has attempted and indeed | made by Rankine, Sir W. Thompson, and 
accomplished in a most satisfactory | other able scientific men who are to-day 
manner, in the domain of Heat what we | standard authorities in these matters. 
hope to see done in the near future in| The author has thus happily grouped 
that of Magnetism and Electricity. together in a compact form, the element- 

* McCulloch on the Mechanical Theory of Heat ana | *°Y Principles of his subject, and deserves 
the Steam Engine. In press by D. Van Nostrand, |the gratitude of every lover of clear 
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statement and accurate analysis, no less 
for these qualities than for the happy 
faculty he . displayed of creating in 
his readers an intense and well sustained 
interest from the first to the last of this 
book. 

As a text book it is admirably adapt- 
ed to those students who have mastered 
the Calculus; for although it is a condens- 
ed treatise, the discussions are remarka- 
bly clear and complete, and so well 
arranged and connected that there is an 
orderly progression from the fundamen- 
tal principles of the science to the most 
recent developments of the present time. 

We welcome this book as being the em- 
bodiment of all that such a book should be, 
and the forerunner of a class of standard 
works on science of which the scientific 
men of our country may well be proud. 


——eqpo——_—_ 
REPORTS OF ENGINEERING SOCIETIES. 


MERICAN Society oF CrviL ENGINEERS.— 
TESTs OF AMERICAN [RON AND STEEL.— 
During the past year, the United States Board 
appointed to test Iron, Steel and other Metals, 
under authority of an Act of Congress pro- 
cured by a committee of the Society, has been 
organized, has prepared the plans of investiga- 
tions to be adopted, and has appointed its 
committees on the several subjects to be 
studied. 
The general plan is announced, and is to be 
a thoroughly scientific and systematic explora- 
tion of the field assigned tothe Board. Ma- 
terials are not only te be tested and the results 
stated as those derived from the examination 
of a metal of a conventional denomination, but 
the test-piece, in each case, will usually be ex- 
amined to determine how far peculiar qualities 
are attributable to peculiarities of chemical 
composition and of physicial structure. 
Circulars have been issued by the committees 
of the Board requesting men of science, engi- 
neers and manufacturers of metals to commu- 
nicate to the Board all information which they 
may be able to submit relative to the subjects 
under investigation. A considerable amount 





of valuable material has thus been obtained. 
Even foreign correspondents of the Board ex- | 
hibit great interest in the matter, and some of | 
the most useful papers received by the Secre- 
tary were sent in by Mr. Forrest, the Secretary | 
of the British Institution of Civil Engineers, | 
Mon. Tresca, of the French Conservatoire des | 
Arts et Metiers and other well-known European | 
authorities, 

A chemical laboratory has been established 
at Watertown Arsenal and the chemist to the | 
Board, Mr. Andrew A. Blair, formerly of St. | 
Louis, has already done a large amount of | 
work upon irons, steels and other metals and | 
alloys, and the specimens thus examined as to | 
oomposition are subjected to the several kinds | 
of mechanical stress to discover the effect of | 


composition in determining resistances for dis- 
tartion and rupture. 

A series of steels is in preparation under the 
direction of the Committee on Chemical Re- 
search, in which other elements being retained 
constant in amount, the carbon varies regular- 
ly from 0 to 2 per cent.; another series, with 
earbon uniform, has silicon in varying pro- 
portions ; another set varies in phosphorus, 
still another in sulphur, and another series is 
variable in manganese. In each series, one 
element varies between wide limits, while the 
other elements are all retained as uniform as 
possible. The work of the melter is checked 
by analysis, and the specimens are then tested 
mechanically. This investigation, greatly as 
it has been needed, has never before been 
even attempted. It is considered by the mem- 
bers of the Board as likely to prove the most 
valuable research ever made in this direction, 
and the only one in which the chemist and the 
engineer have ever systematically joined forces 
in making such an exhaustive and scientific in- 
vestigation. 

The Committee on Abrasion and Wear is en- 
gaged in collating information relating to this 
subject, and is making experiments at the 
Stevens Institute of Technology on the abrasion 
and wear of the metals, and on the effect of 
lubrication in reducing it. The Chairman is 
fitting up machinery and apparatus for use in 
further investigation. A considerable amount 
of work has been done. 

The Committee on Armor Plate is engaged 
in collating information from domestic and 
foreign sources that may be valuable in deter- 
mining the qualities requisite in armor plate, 
and how those qualities are to be secured, 
The records of the Army and Navy Depart- 
ments and of the British Admiralty are consid- 
ered to be the most promising mines of infor- 
mation to be worked by this committee. 

The Committee on Chemical Research has 
charge of the chemical work referred to. 

The Committee on Chains and Wire Rope is 
endeavoring to determine the ‘character of 
metal best adapted to making chain and rope, 
and the proper form and proportions of link, 
and is working up the data which have long 
been collecting at the Navy Departments. The 
later experiments of Com. Beardslee are exten- 
sive in range, and that officer is collating and 
arranging the records for the use of the Board. 
Further experiment will fill up any hiatus that 
may be detected. The Navy Yard at Wash- 
ington, where this work is going on, affords 
peculiar facilities not only for testing, but for 
making chain cable of any desired size, form 
of link or quality of metal. 

Work already done there by the Chairman 
of this committee has revealed serious defects 
in accepted tables of sizes and strength, and 
has indicated the rate of variation of strength 
with variation of size of bar, and permitted 
the formation of a new and trustworthy table. 

The Committee on the Corrosion of Metals is 
investigating the conditions affecting the corro- 
sion of metals in use. Some information has 
been collected, some chemical work has been 
done, and much more work is projected for 
the ensuing year. 
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The Committee on the Effects of Tempera- 
ture has planned an extended investigation of 
this subject and is gathering information from 
various sources. e research will be com- 
menced by the Chairman during the coming 

ear, if the Board is sustained in its work. 
he Chairman has already collated all publish- 
ed information accessible in periodical litera- 





ture, has made some preliminary experiments, 
and is receiving some information from vari- 
ous directions. | 

The Committee-on Girders and Columns has 
a plan of operations which includes elaborate | 
investigations of the strength of materials in | 
columns‘and girders of various forms and pro- | 
portions. This is the most formidable and ex: | 
pensive of the researches to be undertaken by | 
the Board, and the power and accuracy of the 
400 tons testing machine will be fully taxed in | 
this work. The committee is receiving the co- | 
operation and active aid of some of the largest | 
manufacturers of beams and girders in the 
country. The results of experiments already 
made have been communicated to the com-| 
mittee by the engineers of railroads and of | 
mulls, and in other cases important and costly 
experiments have been undertaken by private 
incorporated companies (the Board has been 
invited to be present and to assist in the work 
if it should seem desirable); these results are to 
be given the Board, such sizes and proportions 
as the Board may desire to test are to be made 
and all necessary labor furnished without any 
expense to the government. Bridge builders, 
civil and mechanical engineers and architects 
are corresponding with the Board on this sub- 
ject, and the greatest interest and a most grati- 
fying public spirit are said by the members to 
be exhibited on all sides. 

The Committee on Malleable Iron has col- 
lated a large mass of valuable information, and 
the records of a great number of experiments, 
and, among other important matter, has ob- 
tained an extensive collection of experimental 
determinations of the effect of time upon the 
elevation of the elastic limit by strain, during 
periods varying from a few seconds up to a 
year. The variation of quality due to differ- 
ences of size and form of section of the bar 
and the modification of strength, ductility and 
resilience are under investigation. The Chair- 
man of this committee is also determining the 
influence of proportions of test-pieces upon 
their ultimate resistances. 

The Committee on Cast Iron is pursuing a 
course similar to that of the Committee on 
ene Iron with similarly promising re- 
sults. 

The Committee on Metallic Alloys has made 
an investigation of the strength and other pro- 
perties of bronzes, which may be taken as 
t — of the kind of work to be done by the 

oard, 

Several series of copper-tin alloys were pre- 
pared, varying in some cases by regular _per- 
centages, and in others by chemical equiva- 
lents, and were cast in bars of 1 inch square 
section and about 20 inches long. Their tem- 
peratures of fusion were taken at casting, and 
some were cast in sand, and others in an iron 
ingot mould. The weighing was carefully 


done in a Coast Survey balance, in the Physi- 
cal Laboratory of the Stevens Institute of 
Technology. A set was reserved forthe deter- 
mination of the coefficient of expansion, by 
Dr. Mayer. The others were broken by trans- 
verse stress, one set by dead loads, and others 
in the transverse testing machine of the Me- 
chanical Laboratory, and deflections and tests 
were recorded to the fourth place of decimals, 
in inches, and also in meters with equal pre- 
cision. The logs were made up, and the re- 
sults were also laid off graphically. The curves 
revealed some peculiar and important facts. 
The fractures were photographed and, were 
peculiar, were reported upon by Prof. Leeds, 
the chemist and mineralogist of the Institute. 
From the data obtained, the co-efficients of 
elasticity were calculated and recorded 

Complete sets were next broken by tension, 
and the results recorded and worked up as 
with the transverse tests, and the logs and 
curves compared, and a series of compression 
specimens were made up as companion test- 

ieces. 

The full series was finally tested in the auto- 
graphic recording machine and from the 
strain diagrams, their strength, elasticity, duc- 
tility, resilience and homogeneousness were 
deduced, and the law of variation worked up 
graphically. The effect of strain in elevating 
the elastic limit was observed. 

All specimens were examined by the chem- 
ist, and acomparison made between the pro- 
portions by. mixture and composition in the 
bar which exhibit the loss of metal, and to 
some extent, change of physical character, 
produced by melting and casting. Some curi- 
ous and interesting scientific facts are revealed 
by the research, and a new mineral consisting 
of stannic acid, with a trace of copper in mag- 
nificent needle-shaped crystals was produced 
in some cases, which has been subjected to 
examination and analysis by Prof. Leeds. 

A determination of specific gravities of the 
metals as purchased, as cast and as compressed 
mechanically and in mass and in a state of 
fine division, concludes this research. 

A similar research is in progress, under the 
direction of this committee, by Prof. Thurston, 
its Chairman, which is intended, also, to be as 
complete and accurate as the resources at com- 
mand will permit. 

Before entering upon this work, the Chair- 
man collated all published material bearing on 
the subject, and a preliminary report of about 
one hundred pages embodies the most import- 
ant facts previously determined, and contains 
the bibliography of this subject of copper-tin 
alloys. This work was supplemented by 
making graphical records of the experimental 
work of Mallet, Mathiessen, Calvert, Johnson 
and others on the conductivity for heat and 
electricity, the specific gravity and other prop- 
erties of copper-tin alloys, as had been exam- 
ined by them. It was the intention to profit 
by facts already acquired by acknowledged 
authorities, to complement them by the new 
investigations, and to avoid useless repetition 
of work involving serious expenditure of time. 

This paper is itself regarded as exceedingly 
valuable, and particularly to the mechanical 
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engineer, as it is the first time that theseearlier| The building, the foundation, and the acces- 
researches have ever been collected and put in|sory machinery are all in hands, under the 


an accessible and compact form. 


| charge of the several committees of the Board 


A similar preliminary research is made to | entrusted with these matters, and will be ready 


reface the examination of the copper-zinc al- | 
oys, and the same plan will be pursued through- | 
out. 
The Committee on Orthogonal Strains is| 
planning a series of experiments to determine 
the laws of the resistance of materials under | 
simultaneous stresses acting in rectangular di- | 
rections, as in the case of a rod subjected to) 
torsional or shearing simultaneously with ten- | 
sile or compressive stress. The subject has 
been entirely unstudied up to the present time. | 
The Committee on Physical Phenomena is | 
preparing to seek for the phenomena induced 
by stress in the various physical models of | 
energy, as the development of magnetic, elec- 


tric and thermal actions. The fact of the de- | 


velopment of heat and electricity has long 
been known, but no systematic or scientific in- 
vestigation has ever been made in this direc- 
tion. 

The Committee on Steel produced by Mod- 
ern Processes is working with the Committee 
on Chemical Research. It is collecting also 
the vast mass of material available and will 
endeavor to make a report which shall be of 
great and permanent value. 

The Committee on Re-heating and Re-rolling 
is to test iron &c., in the several stages of 
manufacture, refined and unrefined, and to ob- 


serve the effects of successive re-heats, of re- | 


working and rolling, to determine, if possible, 
what amount of work is demanded by differ- 
ent irons, and what are the temperatures which 
will practically give the best results. 

The Committee on Steel for Tools is making 
an extended series of experiments at the Wash- 
ington Navy Yard to determine the value of 
various steels for tools. A large collection of 
steels is made ; their composition is determin- 
ed, and they are there carefully tested by set- 
ting them at work—turning, planing, boring 
and chiseling—and their behavior and their 
composition being thus ascertained it will 
probably be easy to learn the chemical and 
physical characteristics of the best tools. The 
names of makers are of no importance in this 
investigation, and are not to be reported. The 
Board, in all its work, will avoid reference to 
makers of material in any way that may injure 
any manufacturer directly or indirectly. 
Scientific knowledge of directly practical value 
and engineering facts and figures, solely are 
sought. 

The testing machine ordered by the Board 1s 
well under way, and it is expected will be soon 
completed, when the Board will be prepared 
to undertake the heavier and more accurate 
work laid out by its committees. The machine 
was designed by Albert H. Emery, and has an 
attachment designed by Charles E Emery, for 


obtaining an autographic strain diagram. Its 
capacity is 800,000 pounds, in both tension and 
compression. The committee of the Board ap- 
pointed to examine and report upon it, consid- 
ered it an extremely accurate and effective 
form of machine, and far superior to any other 
then known to its members. 


for the machine before its completion. 
The Board is not prepared to make'a report, 
as all the work is in progress and none yet 


completed. If desired, the members state 


their willingness to present to the appointing 
power, and to Congress, a statement of their 
status. They expect to be able economically, 
to use $50,000 during the year 1876-7. 

At a meeting of the Board of Direction of 
this Society, held February 9th, 1876, the plans 
and work of the Board were considered and 
the followiing adopted : 

Whereas ; the Board of Direction, of the 
American Society of Civil Engineers has in- 
formed itself as to the work performed, in 
hand, and proposed by the United States 
Board appointed to test Iron, Steel and other 
Metals, and has been led by such information 
to the following conclusions : 

1st. That the 400-tons testing machine or- 


‘dered by the Board and now nearly three- 


fourths completed, has been built under extra- 
ordinary close inspection, and is remarkably 
well built, both as to material and workman- 
ship. 

od, That even without the use of this testing 
machine, the Board has accomplished a large 
amount of useful work, viz.:—The establish- 
ment of a chemical laboratory and the engage- 
ment of an experienced chemist ; the arrange- 
ment of a comprehensive series of compara- 
tive chemical and physical tests and the al- 
ready completed analyses and preparation of 
specimens for test from a large number of 
irons and steels containing different hardening 
and toughening ingredients ; also the prepara- 
tion of a complete series of specimens of the 
various bronzes, a number of which has been 
submitted to analysis and to a part of the nec- 
essary mechanical tests—the results of which 
must be that all these materials can be more 
closely adapted to the large variety of str: sses 
they will have to bear in use, thus avoiding 
the present excess of material and cheapening 
structures and machinery as well as increasing 
their safety, and also making the production 
of materials a matter of scientific synthesis 
rather than a trade secret ; that the board has 
collected and classified a mass of information 
about the useful work done elsewhere in test- 
ing metals ; that it has commenced a compre- 
hensive series of experiments on tool-steels and 
arranged for the construction of some large 
iron and steel columns and girders for tests ; 
that it has availed itself of the results of a 
series of tests of wrought iron, especially in 
the form of chain cables, previously undertaken 
by one of its members for the Navy depart- 


|'ment, and has commenced more comprehen- 
|sively carrying out these experiments and 


completing their usefulness by means of chemi- 
cal analysis ; and that it has prepared as far as 
its means will allow, to undertake tests in 
| other departments. 


| 8d. That the character of the experiments 


| undertaken and proposed by the Board is ju- 
dicious and comprehensive, and if carried out 
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on these plans, will be of great value to engi- 
neers, constructors, producers of constructive 
materials and the public at large. 
4th That the information derived. from 
these experiments should be of the first and 
eatest value to the Government directly, in 
its own constructions of vessels, engines, boil- 
ers, Cannon, armor plates, light-houses, etc. 
5th. That in order to carry out to compre- 
hensively useful results, the series of tests al- 
ready undertaken, the Board will require a 
considerable sum of money, chiefly to increase 
its chemical department and to pay for material 
to be tested, and for the manufacture of such 
new shapes and compounds as current tests 
may prove it desirable to experiment upon. 
Therefore it is Resolved—That the Board of 
Direction of the American Society of Civil En- 
ineers respectfully petitions the honorable 
nate and House of Representatives in Con- 
pon assembled, to grant to the United States 
oard appointed to test iron, steel and other 
metals, the sum of fifty thousand dollars, to 
be expended in carrying out the investigations 
of the Board, as explained in its various 
printed circulars, _ 


——_+e-—_—__ 


IRON AND STEEL NOTES, . 


Tron Inpustry.—The American Iron and 
Steel Association has just published a di- 
rectory of furnaces, rolling mills, steel works, 
forges and bloomeries in every State of the 
Union. The following is the summary of the 
number and capacity of the furnace and rolling 
mills in the United States : 
Tons of 2240 Ibs. 


Whole number of completed blast 
furnaces January 1, 1876..... 713 
Annual capacity of all the fur- 
4,856,810 tons. 


naces 
Whole number of rolling mills, 
January 1, 1876 332 
Whole number of single pud- 
dling furnaces (each double 
furnace counting as two single 
ones) 4,475 


Total annual capacity of all roll- 
ing mills in finished iron 

Annual capacity of all the rail 
mills in heavy rails 

Number of Bessemer steel works 


3,740,860 tons. 
1,732,410 tons. 


January 1, 1876 11) 


Annual capacity in ingots.. 450,000 tons. 
Number of Bessemer converters 24 

Number of open hearth steel 
works January 1, 1876...:... 16 
Number of open hearth furnaces 22 
Annual capacity in ingots 41,000 tons. 

‘Number of crucible and other 
steal works January 1, 1876.. 39 

Annual capacity of merchanta- 
97,550 tons. 


Number of catalan forges mak- 
ing blooms direct from the 


ores January 1, 1876 39) 


Annual capacity of blooms and 
billets . 53,080 tons. 


Number of bloomeries January 

1, 1876, making blooms from 

pig iron 59 
Annual capacity in blooms.... 53,750 tons. 


CH TREATMENT OF SLAG.—A new French 

process for the treatment of slag is claim- 
ed to realize the most profitable results yet ob- 
tained in the utilization of that hitherto worth- 
less material, notwithstanding the various suc- 
cessful efforts, which, within a comparativel 
recent period, have been put forth in this 
direction. 
| The method in question, as described, is not 
to employ the slag directlv, to form artificial 
| stone or pressed bricks, but to reduce it to a 
| fine state of division, in which it becomes 
capable of a great variety of uses in addition 
to those for which it was originally supposed 
to be adapted. . 

The channel through which the molten slag 
flows from the furnace is made, in this arange- 
ment, to terminate in a running stream of 
water leading into a pit er excavation. On 
striking the water, the lava stream of slag is 
blown and broken into asort of fine, porous 
gravel, which the flow of the water then bears 
along into the pit. Meanwhile, the iron grains 
contained in the slag, which previously were 
separated by crushing, are now sorted out by 
this water process, sinking to the bottom by 
their weight, instead of being carried on with 
the rest. The slag sand accumulating in the 
pit is charged thence into wagons or railway 
cars by means of an endless chain and buckets 
driven by an engine run by hot gases from the 
furnace. 

Thus treated, the artificial sand or granulat- 
ed slag is said to be not merely easier and 
cheaper to get rid of, but applicable to a num- 
ber of valuable uses. One of these is for cast- 
ing sand, pigs made in such a bed coming out 
exceedingly hardsome and bright. For this 
purpose the material is now very largely used 
in some parts of France, Belgium and Prussia. 
The next step was a natural outgrowth of the 
last, namely, to use the finer portions, separat- 
ed by sifting, to sand the moulds for fine cast- 
ings ; thus employed it is found cleaner and 
better than common sand, and the castings are 
improved. Another use to which this artificial 





41,000 tons. 


or metallic gravel is put is that for ballasting 


railroad tracks, for which it is very servicea- 


ble. 
Being also very porous, packing well, and 
| holding but little wet, this slag sand forms a 
| valuable concrete like mortar, and not only 
this, but is capable of being used for cement. 
This is rega-ded, in fact, as its most important 
specialty, it being found that first-class cement 
can be thus obtained from almost any slag at 
a very small cost ; a large manufactory having 
been erected for this purpose, after long and 
full experiment at one of the leading German 
| works.—Jron Age. 


—— +e —___—_ 
RAILWAY NOTES. 


hae or Raris.—The ‘‘ creeping” of 
railroad rails has attracted some attention 


| of late, and, while we do not attempt to explain 


- 
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it, we offer a point on the fact that on lines 
north and south the western 
‘‘ creeps” faster than the eastern rail,—that is, 
strange movement of the rail toward the 
south is more marked in one rail than in the 
other on the same track. Furthermore, it has 
béen noticed that on such a line the eastern 
rails wear out the faster. Both of these points, 
we think, can be explained by the motion of 
the earth as it turns from the west towards the 
east. Everything that has free motion is 
dragged after the whirling globe ; every wind 
that blows and every tide that moves feels the 
influence, and our train going north or south 1s 
pulled over toward the east, and naturally 
presses the eastern rail most heavily. The 
western rail, being relieved of its share of 
weight, ‘“‘creeps’’ more freely and quickly. 
It is also noticed that the wheels that run on 
the eastern rail wear out the first, and we can 
but think that this earth motion is the true 
cause. The practical side of this is that the 
eastern wheel and rails should be stronger. 


— GRADIENT LocomotivEs.—The New 
Zealand railways being, as is pretty well 
well known, laid over hills with some rather 
severe inclines, have to be worked on a some- 
what similar system to that employed on the 
Mont Cenis railway. The gauge is 3 feet 6 


inches, and there is a central rail at an eleva- 
tion of 6} inches above the level of. the two 
outer ones constituting Mr. Fell’s system. The 
Government has ordered four locomotives of 
an improved type, which are now being made 
from their own designs by The Avonside 
Enfine Company (Limited), of Bristol. 


So 





much thought has been expended on these en- | 

ines, and so many special contrivances intro- | 

uced, producing in the end so splendid a re- 
sult, that Mr. John C. Wilson, the engineering | 
and general manager of the Avonside Com- | 
pany, has every reason to congratulate himself 
on his work. On Saturday last one of the 
locomotives was tried on a short temporary 
line of railway, laid down in the yari of the 
Bristol Wagon Works, by the kind permission | 
of Mr. Fry, the managing director. Here tests 
of every imaginable description were applied, 
and the results were uniformly satisfactory. 
The line was too short, however, to make an 
experiments such as those tried by the Rail- 
way Accident Commission, at Newark, much | 
to the regret of the spectators, as the special 
brake answered so admirably that it would 
have been interesting to learn exactly how 
short the distance really was in which the en- 
gine was stopped against full steam. 

The length over all of the locomotive is 21 
feet 6 inches, and its width 9 feet 3inches. It 
is driven by two pairs of wheels, coupled, of 2. 
feet 8 inches diameter, on which about 28 tons | 
of the weight rest, and the trailing wheels are | 
2 feet 6 inches diameter, carrying about 6) 
tons, the total weight of the engine being | 
about 34 tons. The trailing wheels are fitted | 
with the ‘‘ radial axle boxes,” patented by Mr. | 
H. W. Widmark, of Bristol. These are intend- 
ed to provide for the easy turning of curves, 
and are adapted in this instance to curves of 





the short radius of 300 feet. They are provid- | 


ed with cylindrical guides, and with planes set 


at an angle to the central line of the axle, while 


1 | at the top are inclined planes calculated to give 


much elasticity. We understand that these 
axle boxes have given good results in working, 
and on Saturday it was evident that a consid- 
erable amount of play was given as the engine 
rounded the curves of the experimental line. 
The boiler is arranged for a variation in water 
level corresponding to an inclination of 1 foot 
in 15, this being the steepest slope on the New 
Zealand lines. It has 170 tubes of 12 inches 
diameter and pitch of 2; inches. The grate 
area is 13 square feet, and the heating surface 
of the fire-box 74 square feet, that of the tubes 
being 783 square feet, affording a total of 857 
square feet. The tanks hold 614 gallons, and 
the coal-box has a capacity of 36 cubic feet. 
The driving engine for the vertical or ordina 
wheels consists of a couple of cylinders of 14- 
inch diameter and 16-inch stroke, while a 
smaller pair of cylinders of 12-inch diameter 
and 14-inch stroke work the four horizontal 
wheels of 224-inch diameter which grip the 
central rail. These may be called the outer 
and inner engines respectively, and the gear- 
ing is so arranged that either may be worked 
separately, or they may be worked simultane- 
ously, either in harmony or antagonism. Two 
pairs of volute springs keep the horizontal 
wheels apart, while a couple of powerful cres- 
cent spring exert a pressure of 28 tons to bring 
them together. This is, of course, the useful 
pressure upon the centre rail, while a corres- 
ponding amount is exerted upon the_driving 
wheels, thus giving the large quantity of 56 
tons useful adhesion for a 34-ton docomotive. 
The valve motion for the inside (Fell) engine 
is an adaptation of Walschart’s system. The 
brakes are double—the ordinary lever-brake 
being fitted to the driving wheels, whilst a 
highly efficient brake is fitted to the central 
rail, gripping it like a pair of nutcrackers. 
Another noteworthy minor feature isa pecu- 
liar link motion in the coupling, which is 
Stradal’s and is so arranged that even with the 
utmost lateral motion a pull away takes effect 
on the central line of the vehicle. 

These locomotives are intended to work in 
pairs, sesame I coupled end to end, so that the 
drivers work together, with one stoker between 
them, and they are calculated to draw 100 tons 
up an incline of 1 in 15 at a rate of five miles 
an hour. The following are the principal re- 
sults of Saturday’s trial. 

(1) Either engine alone was sufficient to drive 
the locomotive, and a fortiori both together 
drove her admirably. 

(2) The engines being set to work against 
each other, ¢.¢., the outer ones being driven 
forward and the inner ones reversed—the lat- 
ter, gripping the central rail, proved to be 
more powerful, 

(3) Both engimes being at work, the brake 
power was sufficient to stop the locomotive— 
steam being full on at 125 lb.—within three or 
four times her own length. 


——_~eg>e—— 
ENGINEERING STRUCTURES. 


HE IMPROVEMENT OF THE DANUBE.—At a 
meeting of the Edinburgh Royal Society, 
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held lately, Sir Wm. Thomson presiding, Pro- 
fessor George Forbes read a paper, rincipally 
founded on theory and intended to show a con- 
nection between cohesion, elasticity, dilatation 
and temperatare. .Mr. Stevenson followed 
with a notice of the compietion of works de- 
signed eg Charles Hartley, for improving 
the Danube. He reminded the meeting that 
in 1854 a commission of eight delegates, repre- 
senting the different powers in Europe, was 
sqocianed to adopt means to improve the Dan- 
ube, so as to make it accessible to the shippin 

of all nations. The Danube entered the Tack 
Sea by three mouths, and it involved a good 
deal of discussion as to which of these should 
be chosen as most suitable for their operations, 
Soulina, as the mouth discharging the least 
water, was not apparently the one which would 
have been selected, but the particular circum- 
stances of the Danube led them ultimately to 
this decision. The discharge of alluvial mat- 
ter from the three mouths was most enormous, 
amounting to 900,000 tons every twenty-four 
hours. Soulina discharged only 70.000 tons, 
but even this deposit embraced a very difficult 
engineering problem. In dealing with it Sir 
Charles Hartley advised the commission, and 
the advice was followed, to construct piers on 
both sides, so that the water might be narrow- 
ed and the deposit carried into the deep water 
of the Black Sea. The works had been exe- 
cuted, and the practical result of it had been 
that, while in 1854 the natural depth at the 
Soulina mouth was 11 ft., the depth of 20 ft. was 
now maintained. The piers were 8,000 feet in 
léngth, and had cost £180,000. As regarded 
navigating, there had been an increase of ship- 
ping of 16 per cent. on the number of vessels, 
and an increase of my of 50 per cent 
The number of shipwrecks had also been 
greatly diminished. 


PrRoposED BRIDGE AcROss THE THAMES, — 
Lately Mr. Frederic Barnett laid before 
the Society of Arts a proposition for a new 
bridge, for providing for the traffic across the 
Thames below London Bridge. Mr. Barnett 
said : ‘‘My patent bridge has but one approach 
from each shore. When these approaches 
have extended into the river about one-third 
its width, the roadway splits into two roads, 
each the same width as the approaches, b 
easy inclined angles, outwardly extending till 
they meet midway, thus forming a sort of 
angular oval or loop in the largest diameter. 
I have on each side two openings, practically 
covered and united by platforms, turning on 
their centres, each opening or closing by one 
operation. These openings permit the entrance 
on the ea side of the largest ships that come 
up the Thames ; there is 
allowed for the length for the ships within the 
loop. From the central piers on which the 
turntables work, there 1s extended a platform 
uniting the two extremes, so that this platform 
lies with the axis of the river, dividing the loop 
into halves, furnishing the means of mooring 
the ship a few minutes alongside by mooring 
blocks. There are two other platforms run- 
ning parallel to the chief platform, which keep 
the ships straight on their road. The vessels 

















a sufficient width: 





return on the opposite, still going port ; thus 
all risk or collision is avoided. e platform 
will have narrow lighters, rising and fallin 
with the tide, thus protecting both piers an 
vessels from injury. As soon as a vessel is 
about to enter the loop, the roadway on the 
side by which it is to enter is closed, and the 
vehicular and general traffic, by closing the 
gates (when the roads divide), is diverted to 
the opposite side ; then immediately the turn- 
table-bridge is opened, and the vessel enters 
the loop, so that when it is fairly in, the bridge 
is closed behind it, and, as before described, 
the traffic is diverted on the road behind the 
ship, and the opposite turntable-bridge is open- 
ed, suffering the ship to pass out on its way.” 

Such a structure as that proposed would 
block up the river and prove an enormous 
nuisance. Further consideration of it would 
seem to be useless. 

———_-e—_—_—_ 


ORDNANCE AND NAVAL. 


acts AnouT THE Bic Guns.—The following 
statement of the costs and sizes of the 
“big — of Europe will be found of inter- 
est : The 81 ton gun has cost $75,000, and the 
price named for the ‘‘ Newcastle infants,” of 
100 tons for the Italian navy is, $120,000 
each. We have not seen it stated what the 
Krupp monster is to cost, but it will probably 
be $150,000 or more. The testing of these 
guns, to say nothing of their use in actual ser- 
vice, adds not a little to this enormous expen- 
diture. Every time the 81-ton piece is fired it 
blows $125 into the air, 240 pounds of powder 
and a projectile of 1260 pounds being ‘the 
charge in the first trials. In some of these 
rounds, 250 pounds of powder and a 1465 
pound shot were used. It is now proposed to 
increase the bore of the gun from 154 inches 
to 16 inches, after which operation the charge 
will be proportionately augmented. The 
Italian guns are to fire projectiles of 1860 
pounds each, while the Krupp cannon will 
send a ball of 1040 kilogrammes, or about 
2300 pounds, through the air; how much 
powder is to be used in doing it we are unable 
to say. One gets, hgwever, a new idea of the 
power of gunpowder when he learns that a few 
hundred pounds of it can propel a missile of 
more than a ton’s weight over a distance of 
several miles. In the case of the 81-ton guns 
the shot of 1260 pounds left the muzzle with a 
velocity of 1400 feet a secoad, and a momen- 
tum that would carry it through 20 inches of 
iron plating ata range of half amile. The 
Duilius, for whose armament the four 100 ton 
Armstrong guns are intended, is described as 
being the most powerful iron plated frigate 
ever yet devised. She is to be armored with 
plates 19 inches in thickness, and moved by 

engines of 7000 horse-power.— Engineer. 

———- _ ope - 
BOOK NOTICES, 


PractTicaL TREATISE ON Roaps, STREETS 
AND PAVEMENTS. By Maj.-Gen. Q. A. 
GruLMorE, A. M. New York: D. Van Nos- 
trand. Price $2.00. 
We gave considerable space last month to a 
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review of this work, containing some import- 
ant extracts. The entire scope of the work 
will be better understood by the following ex- 
tract from the table of contents : 

Chapter 1. Location and Grades of Country 
Roads ; 2. Earthwork, Drainage and Trans- 
verse Form of Country Roads ; 3. Road Cov- 
erings ; 4. Maintenance and Repairs of Roads; 
5. Streets and Street Pavements ; 6. Sidewalks 
and Footpaths ; and 7. Tramways and Street 
Railways. / 

Illustrations accompany every chapter. 


Pye OF THE Roya UnitTEepD SERVICE IN- 
STITUTION. Nos. 80, 81, 82. London. 
For sale by D. Van Nostrand. 

Kvery issue of this valuable journal contains 
s(mething nearly indispensable to the engi- 
neering profession. In the above numbers we 
find Comparative Merits of Simple and Com- 
— Engines ; The New Works for the De- 

ence of Paris; The Unsurveyed World; Har- 

bor Defence ; Signaling by estosions ; The 

Macomber Gun; Military and Refuge Harbors. 
Maps and other illustrations are abundant. 


ee Tasies. New Edition. Lon- 
; don and Edinburgh : W. & R. Chambers. 
For sale by D. Van Nostrand. Price $1.75. 
This is a well printed volume of convenient 
size, containing, besides the common mathe- 
matical tables, a useful compend of the vari- 
ous nautical tables, together with tables for 
conversion of thermometric scales and for bi- 
nomial co-efficients used in interpolation. 


YDRAULIC EXPERIMENTS AT ROORKEE. By 
Capt. ALLAN CunninGHAM, R. E. Roor- 
kee : Thomason College Press. 

This book is an extra number of the series 
of * Professional Papers on Indian Engineer- 
ing.” 

The experiments referred to were performed 
in the Ganges Canal in the neighborhood of 
Roorkee. The conditions were unusually fa- 
vorable for a comparison of methods: The 
canal here presents within a reach of six miles 
three sorts of channel; ist, A Trapezoidal 
Channel in Earth, three miles long, and 150 
feet average width ; 2d, A Trapezoidal Chan- 
nel in masonry, two miles long and 150 feet 
wide ; 3d, Rectangular Twin Channels, 932 
feet long, and each 85 feet wide; then a fourth 
section of half a mile length follows of the 
same description as No. 2. 

The different methods known to engineers 
for measuring the velocities, and deducing 
therefrom the actual discharge of streams, 
‘were evidently tried with scrupulous care, and 
the results are carefully recorded in the book 
before us. J 

The value to the practical engineer of such 
a record of experiments is not easily over 
estimated. In this branch of engineering par- 
ticularly are we in need of carefully prepared 
data to enable us to reconcile conflicting pro- 
fessional opinions, or else to aid us in choosing 
between them. 

We have no space here for such extracts as 

# would do justice to the writer. In our next 
issue, however, we will give at least a sum- 
mary of the results obtained. 





UIDE PouR L’ANALYSE DE L’Eav. Par Dr. 
E. Retcuarpt. Paris: Reinwald et Cie. 
For sale by D. Van Nostrand. Price $1.80. 
A pamphlet only of 100 pages, but treating 
the subject systematically and yey me 
The chemical processes are fully described 
both for qualitative and quantitative examina- 
tions. The microsc pic analysis receives a fair 
share of attention, and is illustrated with ex- 
cellent woodcuts of the crystaline deposits. 


MANUAL OF QUALITATIVE CHEMICAL AN- 

ALysis. B mM. Dirrmar. Edinburgh : 

Edmondston & Douglas. For sale by D. Van 
Nostrand. Price $2.50. 

This is a well printed and well arranged 
book for students. There is no pretension on 
the part of the author that anything particu- 
larly new is presented in the way of methods 
or classification, which is much in its favor. 
The book, however, is certainly up with the 
times, and more than the usual amount of 
space is devoted to the rationale of processes. 


GUIDE TO THE MIcROSscoPIcAL ExAMINa- 
TION OF DRINKING WaTER. By J. D. 
Macponap, M. D., F. R. 8. London: J. & 
A. Churchill. For sale by D. Van Nostrand. 
Price $3.50. 

The text of this work is very brief, and is 
but little else than a zoological table of classi- 
fication, but there are twenty-four full page 
plates of representations of living things as 
they appear under the microscope. 

If it is proven that these are the regular in- 
habitants of ordinary drinking water, the 
temperance reformers will not find an ally in 
this author. 


N ELEMENARY TREATISE ON KINEMATICS 

AND Kryetics. By E. J. Gross, M. A. 

London, Oxford and Cambridge : Rivingtons. 
For sale by D. Van Nostrand. Price $2.75. 

This a brief treatise on elementary mechan- 
ics, with numerous examples for practice. It 
is designed for students who are not proficient 
in Analytical Geometry or the Calculus, 

For students who are reviewing and prepar- 
ing for college examinations, the work will 
prove of great convenience by reason of the 
abundance of examples requiring application 
of important principles. A Key to all the solu- 
tions is given in the appendix. 


)\XERCISES IN ELECTRICAL AND MAGNETIC 

MEASUREMENT. By R. E. Day, M.A. 
London : Longmans, Green & Co. For sale by 
D. Van Nostrand. Price $1.25. 

Nothing in the way of preparatory explana- 
tion is afforded in this book. It is a collection 
of examples for the student with answers in 
the appendix. 

No better way could be devised for attainin 
familiarity with the practical applications o 
electrical science than practising upon these 
examples. But it is necessary to warn the 
student that he is not prepared for the work 
when he has simply accomplished the course 
in science which is at present prescribed in the 
schools. Some familiarity with the science 
of the telegrapher and the physicist as set 
forth in later practical treatises is necessary 
for a beginning with these useful exercises. 
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GEOGRAPHY OR THE TERRAQUEOUS 
GLOBE AND ITs PHENOMENA. By Wm. 
DessporovueH Cootzy. London: Derlau & 
Co. Forsale by Van Nostrand. Price $10.50. 

An octavo volume illustrated with 125 wood 
——e and 12 maps. 

ll the topics usually presented under this 
comprehensive title are presented in logical 
order, and with proper regard to space due to 
each subject. In such a er glance as we 
were enabled to give the work, we noted a 
gratifying absence of statistical tables, which 
lend to some of the late works on Physical 
Geography an uninviting look to say the least. 
We, moreover, found it impossible to turn 
away from the book without reading thorough- 
1 the author presented on the subject of 
Tidal Phenomena and on Glaciers and the 
Theories of the Glacial Epoch. 

We can therefore heartily recommend so 
much as valuable, and we presume the entire 
treatise is also. 


ECTURES ON SomME RECENT ADVANCES IN 

PuysicaL Scrence. By P. G. Tarr, M.A. 

London : Macmillan & Co, For sale by Van 
Nostrand. Price $2.50. 

Nothing is more acceptable to the lover of 
science and scientific literature than an occa- 
sional summary of scientific discoveries, pro- 
vided always that such a summarg is prepared 
by competent hands. Such is the present book 
by Prof. Tait. 

The lectures bear the following titles: 1, 
Introductory ; 2, Early History of Energy; 3, 
Establishment of the Geansevation of Energy; 


4, Transformation of Energy ; 5, Transforma- 
tion of Heat into Work ; 6, Transformation of 
Energy ; 7, Sources and Transference of En- 
ergy ; 8, Radiation and Absorption ; 9, Spec- 
trum Analysis; 10, Spectrum Analysis ; 11, 
Conduction of Heat ; 12 and 13, Structure of 


Matter. 
The typography is good, and the few illus- 
trations are of éair quality. 


NNUAL REPORT OF THE CHIEF SIGNAL OFFI- 
CER To THE SECRETARY OF WAR FOR THE 
YEAR 1875. Washington : Government Print- 
ing Office. 
hoever takes pride in the establishment of 
the Signal Bureau of the United States should 
become possesssor of the voluminous report 
for 1875. He can then justify his patriotic 
ee by ready reference to the printed rec- 
ord. 


We rejoice in the fact that the Bureau has 
become so firmly established, that its continu- 
ance is no more a question than that of the 
ready distribution of the mails. The manage- 
ment has been from the first in the most 
thoroughly competent hands Only a few 
years since such a department was not in exist- 
ence, and its uses were not dreamed of by the 
general public; now we have the most efficient 
system of observation and report known to the 
world, and the advantages are-warmly acknowl. 
edged by all who read the daily papers. We 
doubt not the public voice would favor any 
extension of the system that its director deems 
desirable ; it would thereby do justice to an 
efficient public officer. 








PRATIQUE DU CHAUFFAGE PAR LE 

Gaz. Par Gustave GERMINET. Paris - 

Eugéne Lacroix. For sale by Van Nostrand. 
Price $1.00. 

This contains brief but lucid descriptions of 
the various pieces of mechanism employed 
when the combustion of gas is made to play 
- important part in many industrial opera- 

ons. 

Besides the little heaters for warming or 
cooking, which are well known here, several 
modifications of the compound blow pipe are 
described, which are used for soldering, braz- 
ing and other common operations of the me- 
chanics’ shops, 

Ls AS A Motive Power: A SERIES OF 

HyYDROGRAPHICAL Essays. By Lieut. R. 
H. Armit, R. N. 2 vols. 8vo. London: Trub- 
ner & Co. For sale by D. Van Nostrand. 
Price $15.00. 

In glancing over the second volume of these 
essays (the first has been published some time) 
we are constrained to sympathize with the re- 
viewer of the first volume who declined to fol- 
low where the author would lead. 

In the few places where the author, by the 
proper use of scientific terms, has expressed 
an opinion upon oceanic or atmospheric circu- 
lation, we have no hesitation in rejecting his 
conclusions. But we confess to have felt a cer- 
tain degree of interest in the more numerous 
passages where acknowledged facts and familiar 
terms are misused—that kind of interest which 
one feels in mild forms of conundrum. But 
this interest is notsustained for the reason that 
there is no known solution of the conundrums. 

We offer a few samples from the second 
volume. If the reader enjoys them he will be 
satisfied to know there is plenty of them in the 
same book. 

The author begins to ‘‘sum up” on page 
213 in the following terms : 

‘** And we hold that we have established the 
unity of the following points : 

**1. That electricity is that fluid which, 
under diiferent names, be it galvanism, mag- 
netism, electro-galvanism, or electro-magnet- 
ism, binds the whole universe together and 
exerts that force which science calls gravity. 

“2. That electricity is Light, Heat and Cold, 
and is therefore one body divided into three 
substances, and that all these are Motive Forces. 

‘3. That heat, light and cold are Life. 

‘*4. That some obscure process of evapora- 
tion is continually going on throughout the 
mineral formation of the globe—we might say 
of the universe,” etc., etc. 

It makes but little difference where we stop, 
as the object is merely to offer a fair sample of 
the book. 


MISCELLANEOUS. 


T is stated in a Vienna telegram that in order 
to obtain the means for providing new ar- 
tillery for the army a loan is in contemplation, 
contracted jointly by both halves of the em- 
pire. By this course it would be possible 
thoroughly to re-equip the artillery regiments 
at once, and to distribute the cost over a length- 
ened period. 





